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CHAPTER t ONE 
1,1 GEWEHAL IIITMOPUCYION 
Survival through th« ages baa angagad oan in a 
eontlnuous struggle with b is physical and biological envlronotetit. 
Proia being at the uMtroy of the alesients, man has reached a stage 
where be can control b i s environment and shape bis own destiny. 
Science and Technology have enabled nan to largely control 
natural calamities and conquer disease and pest i lence. This has 
resulted in the ImproveaMent of the quality of l i f e and the l i f e 
expectancy. However, the growing world population has put 
increasing decsands on nan*8 Ingenuity to Increase production, 
especially In the agricultural sector. This has been loade possible 
by Improving upon the exist ing methods of food production and 
storage and by reducing damage due to pests ttnd diseases . 
Introduotlmi of new crop var ie t ies and adoption of modem 
technology in agriculture has brought about the green revolution, 
which has Involved among other things, the use of chemicals to 
control pests and diseases of plants. Some of these pest icides 
are non*selectlve and k i l l a wide variety of organisms Including 
the nonotarget ones, thus they create an Imbalance in the 
ecosystem and often prove dangerous to man. These pesticides in 
the broad sense are called *blooldes*. 
Though dectage to crops varies from crop to crop In 
different parts of the world, roughly erne third of the crops atr* 
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l o s t due to inveott, pests, wesds, nenatodes and other d l ssasss . 
On an avsrags, farnsrs of the world losa between 40 to 50 percent 
of their crops before harvest* Although, the turn of the 
present oentuiy would see an enorffious increase in food production, 
particularly in the developing countries, s t i l l the Food and 
Agricultural Organisation of United Nations foresee that by the 
year 2000 A«!>, there wi l l be scarcity in food. Overall food 
supplies wi l l have to be expanded by about 160 percent for Africa, 
240 percent for Latin America and 200 percent for kckat Asia, 
nereiy to provide a nininuBi adequate diet for their people, . 
This challenge on the food frwit has to be met within the limited 
land resources. The area under cult ivation can be only loarginally 
increased. Modem technology in the torm of better and high 
yielding variet ies and plant protection would play a great role 
in th i s direction. This, tiierefore, brings into sharp focus the 
dire need for plant protection. The use of biocides i s expected 
t o increase imenaely as the crops would need an ef fect ive plant 
protection uoibrella in the tiaws to cooie. 
Chesrlcal crop protection i s no doubt a profit induced 
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poisoning of the environment. Many books ' and reviews 
have been published and syaposia ^ -* have been organised on the 
subject as a warning of the potential baxards. The first book 
2 
written on the subject was 'Silent Spring* by Rachel Carson • 
Many aH>re books have followed giving practical inforsMtiiHi on the 
assessaient of cbeaical haxards. Two needing special awntion are, 
'Hazards Assessasnt of Cheidcals* by Saxena and Fisher and 
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*A Growing Problen • Thtt (Nistlcides and the Third Vorld Poor* 
17 by David Bull • Various art loiea publiahed in nawapapera frosi 
t ine to tine aleo point out awaranaaa of the aariouaneaa of the 
problan. " 
Aooording to the Intarnational Devalopneut Haaaarob 
Centre (IT>RC)'^ '^ » about lO^ OOO people die of peatieida poiaoning 
every year in the Third World. A recent report of an Ottawa baaed 
research centre astinatea that there are probably 7*50tOOO oaaea 
of paatioide poiaoning a l l ovar the world, reaulting annually in 
about 14,000 deaths. Of theaa roughly 3»7$»000 oaaea occur in the 
Third Vorld claiming about 10,000 livaa* Quoting a Vorld Health 
Organisation (WHO) report in this ecu text , the IDaC point out 
that nore than half of the pesticide poiaoning caaes and 72.8 
percent of a l l deaths occurring front subopoisoniogs take place in 
the developing world. On a world wide basis the pestioide 
poisoning cases are oonBenaurate with growth in the production of 
pestlcldca, which i s about five percent yearly ainoe 1972. In a 
recent tragedy at Wiopal (M.P.,India), about 2500 people have been 
reported to have died due to leakage of netbyl isooyanide (filC) 
gaa, an internediate in the snnufaotura of sovin, froa the Union 
Carbide plant and several thouaanda have been aariously affected. 
A natter of concern ia the fact that about half of the peaticide 
poiaoning oases leading to death are fron the Third Vorld countries 
although theae account for only 1$ percent of the total consunption 
of pestioidaa. This i s a pointer towards indisorininate uae and 
lack of awareness about the hazardous sideMiffacta of peat ic ides . 
1.4 
Long teru ef fects of peetioldee on beath include oancere, birtb 
defects , s t e r i l i t y and debil ity* Sone harinful e f fects of the 
known biocides of different obenioal groups are discussed below. 
1,1.1 IWOWJANIC fliOCIDBS 
Tbe use of ioorganio biocides' to k i l l pests i s not a 
new concept. Arsenic was used to k i l l insects in 70 A.D. by 
Pliny. Use of arsenic sulpblde as an Insecticide in China i s 
doounented as early as the late sixteenth century* Other 
inorganic biocides® containing antiaony, boron, copper, fluorine, 
ownganese, oieroury, seleniun, sulphur, thalliuai and zinc did not 
prove very effect ive as insec t ic ides . Most of these are also 
known for their great persistence in the s o i l , with arsenic 
occulting the top posit ion. Acute arsenical poisoning causes 
severe i l l ef fects on l iving bsings while chronic arsenical 
poisoning leads to mutations. Boron acoufl»ilates in the 
reproductive parts of plants causing setsi-periMtnent s t e r i l i t y 
while copper ions react with ensKyraes having reactive sulphydryl 
groups, which explains their toxicity to a l l forois of plant l i f e . 
Many ensyiRes containing caloiuw, iron and oegnesiuiR are inhibited 
by fluoride ions . AoeuMulation of lead in the body causes 
coagulation of body protein, disrupting seriously the luetabollo 
a c t i v i t i e s , i t i s a lso autagenic. When accunulated in the body 
t issues, Mercury causes severe i l l n e s s , blurred vis ion, headache 
and abnoraslitiee not only in the person exposed but a lso in the 
next generatimi to cooie. Zinc accunilation results in the 
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disintegration of l i ver , kidneys and beart* Heavy concentrations 
of these inorganic biocides in the aoi l result in various kinds 
of {Cytotoxicity in crop plants, reducing their productivity and 
often resulting in the death of the plants* 
1,1.2 OHGANIC BlOCIWfeS 
The »rB of synthetic organic biocides began about 
45 years ago* The coaMtcmly tcnomi Ineeoticlde, diohlorodiphenyl* 
triohloro ethane (BI)T) once oimeidered as the f i r s t wonder 
Insecticide, though originally syntbesised in 187%* was 
rediscovered in 1939* This was soon followed by benKenchexa-
ohloride (miC). Since then, thousends of ooetpounds have been 
synthesized and tested for their iaseot io idal properties* fhese 
chesdoals proved so effect ive that not only was their adoption 
rapid and general Imt i t also served as an incentive for the 
development of new insecticides* 8y I976» sore than l |200 
biocides were registered by the U.S* Bnvironmsntal Protection 
Agency (fiPA)^* Of these, 275 were herbicides, %00 were 
insect ic ides , 200 were fungicides and neaaticides, 100 were 
rodenticldes and 225 ware dis infectants , a l l beiog sold in the 
forn of 30,000 or so products or forsulations* Organic biocides 
can be grouped in the following categories* 
1*1*2*1 Organochlorine Biocidest Several organoohlorlne biocides 
such as s ldrln, BHC, ohlordsne, DPT, dieldrin, endrin, heptaohlor, 
lindane and toxaphene are used for crop protection* They belong 
to four oheaioal sub-groupst (a) Diphenyl al lphatios having an 
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aliphatic or straight 06tb<m ohalc vith two (dl) phenyl rings 
attached a .g . , DDT, DDD or TDK, ohlorobenullfete, dlcoXol, parthana 
and ffiethoxyohlor; (b) Chlorinated heusauea e*g., BHC and lindane; 
(o) Cyolodlenes having tlirfts dloanalonal iitr&oturet with aotlTe 
steroolaooers «*g«, aldrln, diel^rin, endoaalphazi, andrLn, 
haptachlor, fcepnene and elvex; au6 (d) ?£»lyoblarotarpen«a, e . g . , 
strobane and toxapbene. 
8 Chloroblooldee are neuro-tozloanta but the exact 
mechanlsiB of tbelr action la not yet fully understood. They 
prevent normal Impulse conduction by disturbing the delicate 
balance of sodlutti and potae&iuia within the neurons. I3;ventually, 
the neurons start firing Impulses spoutane<Hisly, causing the 
iBuscles to twitch; which toay lead to convulsions and death. 
The cyclodlenes have equal toxicity for insects , oiaiiBBals and 
birds but they are nich aK>re toxic to f i sh . Their toxic ef fects 
are s la l lar to those of DDT In disturbing the del icate balance 
of sodluM and potassluv within the neurons but the mode of 
their action i s different from that of DDf. Polychloroter-
penes have low insect toxicity but sre highly toxic to fish 
in th i s sense. They set l ike cyolodlenes. Most of these blocidss 
are persistent because of their low biodegrsdability. Therefore, 
they accuwulate in the envlron«ent and undergo bioMsgnifloation. 
At a particular level they becoae toxlo, k i l l ing the non-target 
organlstts a l so . The harv to non*target organisms i s due to their 
persistence and biooagniflcatloa. During degradation these 
biooldes amy often release MStabolites which are awre toxic than 
1.7 
the parent ootupound* In many casesi these biooides and their 
In i t ia l breaicdown products are fat soluble and tend to accumulate 
or get concentrated in the l ipid parts of aniuials and plants. 
For example, degradation of BUT ^ aioro<-organi6me as sfoowa in 
Scheme 1, leads to 11 metabolites. Metabolites II and IV tend 
to accuBulate in food chains and become detris^ntal to certain 
forms of wild l i f e * Therefore, a federal ban on the use of DTIT 
was declared in the USA on January 1,197!} but unfortunately 
DDT i s s t i l l being used on a very large scale in the Third World. 
1.1.2.2 Organopbosphorus Bioeidest Cblorobiocides, due to 
their high persistency and toxic degradation products, have boon 
replaced by organopbosi^orus and carbauate biooldes. The 
organophospltorus biooldes have two dis t inct ive features. First , 
they are generally more toxic to vertebrates than are the 
cblorobiocides, and secondly, they are chemically unstable or 
non-persistent* These properties have made thesi more popular 
for orchards and kitchen gardens. They have been c lass i f ied 
into three sub-groupss (s) Alipbatios, having open chain 
molecules e . g . azodrln, bldrln, BDVP, diseoron, dlsulphoton, 
dylex, ekatin, mlatbion, owtssystox* phosdrin, rogor and TEPP; 
(b) Aryls, having one or sore phenyl rings in the molecules 
e . g . , crufomate, gardona, fo l i tb ioo , parathlon methyl and ronnel; 
and (o) iieteroeycllos, having oxygen, nitrogen or phosphorus 
included in the rings^ e . g . , axincm, diazinon, dursaban and 
guthlon. Ali i^atios are partially or largely water soluble 
and break down completely in a comparatively short time. Aryls 
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and h«terooyllc« ar* aolubla in orcanlo aolvents and poorly 
in water. Tbay tiava a wide rang* of toxlo l ty . Soma are 
persistent and stable enougb for use in so i l against Inseots, 
nematodes e t c . They are known to inhibit the ac t iv i ty of the 
enzyme, acetylcholinesterase (AOhJl) during the course of their 
aoti<m resulting in esioeesive sweating, headache, giddiness, 
blurred vis ion, inusoular weatoess. They also bring about 
destruction of syol in sheaths of s c ia t i c and spinal nerves. 
High dosages lead to rapid paralysis and even death. The 
ohenioal ' and biological a c t i v i t i e s of organofAkospborus 
biooldes are shown in Scheme 2 . 
Norcmlly ' impulses received are transmitted along nerve 
fibres by changing the e l ec tr ica l potentialst resulting in the 
stimilated release of acetylcholine (in hunan beings) at the end 
of the f ibres . Acetylcholine diffuses across the synapse (a gap 
•8 
of about 10 M between nerve ending and nuscle) and causes a 
change in the e lec tr ica l potential on the vusole, in i t ia t ing 
muscular contraotion. At th i s point, acetylcholine i s hydrolysed 
by the ensyme AChfi. Hydrolysis product can no longer activate 
the nuscle and the Kuscle relaxes . The iffipulses, each requiring 
the release and hydrolysis of acetylcholine, causing contraction 
and relaxation, occur Miny thousands of tiwes per second* The 
hydrolysis of acetylcholine depends oa the foratation of an 
i n i t i a l conplex with the eoxyve, with subsequent release of 
choline, and thence hydrolysis of the esterl f ied ensytte. •ecause 
of the group *x*, organophosphorus biooides are fa ir ly good 
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ptiosphoiylating agents. Th«0e oonpounds can form stable 
oonplexes wltii oliollnesterase enzyne and then prevent enzyme 
regeneration by phosphorylation. Phosphorylation product Is 
d i f f i cu l t to break because the required hydrolysis i s very slow, 
(S replaces 0 in soae biooides) . Because of this action, 
organophosi^orus agents are often cal led 'anticholinesterases*. 
i>egradation of organof^tosp^orus blooides often occurs within a 
few days or hours of their applioation. For example, a sample 
I n i t i a l l y treated with sralathion may ccmtain a l l the metabolites 
shown in Scheme 3* These isetabolites a l so oontribute towards 
increase in tox ic i ty , for example, I , III and IV are more toxic 
than malatfaimi i t s e l f . 
1 .1 .2 .3 Organocarbawate Biooidest Carbamates belong to a new 
and comparatively small group of blooides of growing u t i l i t y . 
They bridge the gap between the persistent organochlorines and 
the short lived but excessively toxic organophosi^orus biocides. 
The group includes highly effective systemics such as aldicarb, 
baygoD, oarbaryl, carbofuran, lannate and oxangrl. The carbasiate 
group i s very susceptible to hydrolysis and offers a convenient 
analyt ical technique for i t s detection and estimation. The mode 
of action of carbamates (Scheme k) i s similar to that of organo-
phosphorus biocides, i . e . , inhibition of the v i ta l enzyi»es^'. 
t*i,2,k Miscellsoeous Bioetdesi Search end synthesis of new 
biocides has always been in consideration and everytlme more and 
mors biocides are Hated which do not f a l l in any of the above 
categories . To c i t e a few 9f Formamidines, amitrax and 
lao 
ohlorodlmetorm; Thiooyanatest letbane 384 and thanlte; 
PinltrophenolB, DNOC anH dlnooap; Organotlns, pliotrani 
Botanicals, pyretturlns and irotoncmes aiMi Mltrogea heterocyelice 
( tr laz ines ) , aultrole, bavlstin and s inazioe. 
Formaoddlnds Inhibit Bonoemine oxidase resulting in tbe 
acoumulation of biogenic amines, affecting the chemical trans-
mitters at synapsets, ^itailar to acetylcholine in sotoe cases* In 
addition they aro also oarclnogenio. Thlocyanotes (letbane 384 
and thanite) are icnot^ rn to interfere with ce l lu lar respiration. 
On the other hand dinitrapbenols (dinooap and DNOC) are strong 
loetabolio stltmlants. Organotlns l ike plictran inhibit the 
oxidative phosphorylatitm in chloroplaets. Botanicals such as 
pyretbrlos produce an adverse effect on ouscles or nerves causing 
rapid hydrolysis. The nitrogen heterocyclics are strong inhibitors 
of photosynthesis. Mast of the chemosterilants ere carcinogenic. 
Various blocidee vhea applied to so i l or standing crop, 
besides k i l l ing the target orgcnl8»s, k i l l non-target organisais 
which are transferred to agricultural crops and become seoondury 
carriers of the biooides. Not only t h i s , the application of 
biooides would bring ea eleisent of pollution to the environment, 
i . e . , a i r and s o i l . When applied to s o i l , they al^adsorbed, 
Bove to a certain depth In the so i l depending upon various factors 
discussed below and aa^ pollute the sub-soil water a l s o . Thus, 
these biooides act as a source o.^  pollution in a ir , water and s o i l . 
The aoveiient of biooides in s o i l s i s influenced by fH^ 
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organic «att«r, olay content, cation exchange capacity, porosity, 
inorganic sa l t content of the e o i l , aaount of water aovlng through 
the so i l and the degree of adeorpticm of biocides on so i l s* 
several woricere^ have studied the aoveaent of biocides using 
herbicides* The available Inforaatlfxi on the insect ic ide noveiacnt 
in s o i l s deals oostly with organoohlorine biocides* Practically 
very l i t t l e infornatlon i s available on the aovenent of organo-> 
phosphorus and carbaoate blocidee in s o i l s Including that of 
oalathion* Being «ore soluble in water than chlorobiocides, 
their role In polluting so i l envlronaent con not be underestimated. 
47 Reynolds and Metcalf while studying the oiovenont of several 
systetalc phosphorus containing biocides found that i t was direct ly 
related to their water solubi l i ty* 
Affiongst various types of biocides discussed above, 
Builuthlon f a l l s In the categoiy of organopboaphorus biocides . 
This bloclde has been reported to control successfully large number 
of pests of crops such as cereals , pulses, o i l seeds, fibre crops, 
vegetables, fruits and plantation crops l ike sugarcane, tea , 
coffee, coconut, cashew nut, betelvines and anliaal pests l ike 
l i c e , a l t e s , t ides e t c . because of i t s high toxicity to Insects . 
In public health prograanes, valathlon i s recoMMnded in the 
control of Insect vectors of auilaria, encephalitis and other 
diseases. I t Is ideally suited for the control of household pests 
such as cockroaches, s i lver f i sh , cr ickets , housefl ies, bed bugs 
e tc . Nalathion treatasnt keeps the aniaal houses free froai 
various aniwal pests. 
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1.1,3 MhTHOns or ANALYSIS OF BIOCIPIS 
In the world of today, when blooid«8 are being used in 
large aoounts to attain gireea reirolatioA» with corresponding 
increaee in hazards of environaental pollutiaD» i t has becoaie 
essential to explore the possibi l i ty of developing simple 
techniques for detection and detendnatlon of biooides <• specially 
malathioo because of i t s wide use. Several analytical techniques 
with differing procedures have been used for the detection and 
estimation of biooide residues in different components of the 
environment from time to time. The biocide analysis generally 
involves the following stepst 
(1) Separation of biocide from the matrix. 
(2) Removal of masking or interfering substonces from biooide 
residues. 
(3) T>etecti<»i and estimation of biocide residues. 
Per separating and concentrating malathifHi, various 
adsorbents have been used, e .g . k isse l gel Q , s i l i c a g e l ^ , 
s i l i c a gel Q^^'^*', s i l i c a gel B containing hydrogen phosphate^^, 
62 
s i l i c a gel impregnated with copper sulphate and aqueous ammonia % 
activated carbon , fluorescein '» s i lver nitrate , s i l icone o i l , 
grannular activated oarb<m^^« QAS-septiadex^', sodium chloride^^, 
66 66 67 
lithium nitrate , bentonite and humic acids e t c . 
Simple and inexpensive methods such as column chromatograpliy 
(oc), conduc tome try, gravimetiy, l iquid-l iquid chromatography ( l i e ) , 
paper chromatography (pe), polarograpby, potentiometry, spectropho-
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totnetry In ttie v is ible rang*, spot t s s t s , thln-layer chroBa> 
tograptoy ( t i e ) aad volusstry as well at costlyt sophistlcatsd 
and ultra'-sensltlvs oathods suoh ns capillary gas chromatography 
(oaplllary go), high pertornanoe liquid ohroasitography (hplo), 
Biass spectrometry (va)» nuolear angnatlo resonance (ner), radio 
chemical techniques and speotrofdiotoffietry In Infra red ( i r ) and 
ultra v io l e t (uv) regions have been used* Vortc done on the 
analysis of nalathlon during the last decade Is suomarlxed below. 
Gas ohronatography has been used for the estlnatlon of 
malathlon residues In coouMroial products » water * , stored 
gralns^^"*^^, bcer^^, blood^*, •gg»'^*» •llk^* and urlne^**^^. 
To Identify oalnute traces of rsalat' In fruits and vegetoblest 
76 77 
go-ffls and tandem ns-ms as cmnpllKent to go-uts have been used. 
Szalental' and Johnson et a l . ' ^ have used hplc for the estlBiatlon 
of malathlon In tobacco plants. Spectrophotoffletry/colorluetry 
has be«) used for I t s est lnatlon In formlatl(»is» water, grains 
e t c . This i s based upon the fomulatlon of coloured coatplex of 
Cu(TI)®**~®5^  Bl(III)®^"®®, Pt<II)®9snd « l ( I I ) ^ w l t h dlBSthyl-
phosphorodlthloate that Is obtained by alkaline cleavage of 
nalathlon* The proposed oonplexes of M ( I I ) and Pt(II) are shown 
In schemes 5 and 6. Talcott *, Sugawsra''^, Zadroslnska^'' and 
9% Vllleneuve et a l .^ have used enzyantlc Method, *aalathlon 
automated chollnesterase Inhibition* for I t s estlMatlon In l iver 
extracts, f ru i t s , vegetables, and blood. Voluoetrlc aethods 
such as oxidation-reduction t i tration with ohloraadne T as an 
OR 
oxidising ageat , argentloietrlo t i trat ion with dlohlorofluo-
resceln as an Indicator and aatlaatlon of Cu(II) l e t t after 
reaovlng yellow Cu(II)-dlnatbylpt)otj)borodlttiloate oouplex by 
extraction have been used for the estlnatlon of Baaiathlon In 
97 fornulatlons • The slnple and readily available Inexpensive 
analyt ical tool *spot test* has been found to bo very useful for 
the prellnlnary IdentlfloatltHi of selathlon In water, f r u i t s , 
vegetables, s o i l , l iver extracts , cereals , tobacco, ootninercial 
foraulatlons on paper and thin layer chrooaatograms • For . 
La 
detection, reagents such as s i l v e r nitrate In acetone , 
palladium chloride In hydrochloric «cld*^»'*»^^»^*»5^, brotDo<* 
cresol green''-', butter yellow , congo red'^', fast blue sa l t B "^  
and mercurous nltrate^^ have been used. 
Since the introduction of so i l thin-layer chroisatogruphy 
36 ( so i l t l c ) ' ^ in 1966 as a useful technique for rapid, reproducible 
and Inexpensive assessnent of bloclde Moveaent In the s o i l , sooie 
progress has been wade in this direction* Helling described the 
37 38 39 
technique ' and i t s application ' In deta i l by autoradiography. 
neteotlon of blocides on s o i l t i c plates was mde ei ther by 
cheadcal extraction followed by analysis of discrete zones or by 
bloassays. Inch et al .^* and Helling-'^® used the forsier procedure 
coupled with gc to evaluate organophosphorus blocides and a 
chlorinated lapurity of 2,4.5-T herbicide respectively. Many 
38.98 
workers have used bloassay technique espleying algae * , 
QQ 100»101 
browntop grass''^  and fungi * in soil tic for deterHlnlng 
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the KoveiMint of oertain herbicides In eolle* I t has yet to be 
studied whether s o i l t lo oan be used for detendning the Boven.ent 
of nsalathioD and other blooides of organopbospborus and carbaioate 
groups under different so i l environiiental conditions. 
Keeping this in view, the present woric was planned to 
study the conoeotration of aalsthion from water samplesr i t s 
deteotion by simple inexpensive t e s t s and i t s estimation* Along 
s ide, ffioveioent of sone orgenophosphorue and carbamate biocides 
in s o i l s in the presence of different adsorbents and leachates 
has a l so been studied* the scheme of chapters i s as followst 
1* ( i ) Development of a new spot tes t for the deteotion of 
malathion in water samples (Chapter 2)* 
( i i ) A volumetric method to estiniate malatbion in emulsifiable 
concentrations based on oo«plezati(m of dimetbylphos-
phorodithioate with bismuth (Chapter 3>. 
2* Study of sorption-desorpticm of malatbion on activated 
charcoal (Chapter %)• 
3* ( i ) Sffect of different sa l t leachates on the movement of 
some organopfaosi^orus and carbamate biocides in so i l s 
(Chapter 5)* 
( i i ) Bffeot of different adsorbents on the movement of some 
organophospborus and carbamate biocides in s o i l s 
(Chapter 6)« 
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CHAPTER S TWO 
A NEW SPECIFIC SPOT TEST FOB THE DETECTION 
OF MALATHIOH IN WATER 
2 .1 IWTIIDPUCTION 
102 There i s a growing i n t e r e s t in the development of 
s p e c i f t o , s e n s i t i v e , rapid and simple t e s t s for the a n a l y s i s 
of organophospborue biooides because of t h e i r increasing 
production and appl ioat ion in crop proteotion* Malathlon 
residues in v a t e r have been deteralned iiK>8tly by instruioental 
methods * ^' • Amongst the methods a v a i l a b l e , oolorlmetry 
has been found to be simple and inexpens ive . In 195^t a 
80 
color lmetr ic method based on the hydro lys i s of uialathion to 
dlmethylphosphorodithloate (BMPTA) and I t s oomplexation with 
copper( t l ) was success fu l ly used to est imate nalathion in 
f r u i t s , c e r e a l s and animal products. Another color lmetr ic 
68 
method based on hydrolys is of malathion and complexation of 
DMPFA with bismuth(III) was published by Clark and Qazi. Lower 
l imi t of es t imat ion of t h i s method i s 0 .523 mg 1** • bork of 
105«»107 Rathore e t a l . shows that on heating with a c e t i c 
anhydride, polycarboxylio a c i d s and the i r s a l t s g ive a brown/red 
c o l o u r . Malathion i s known t o s p l i t i n t o HMFTA and d i e t h y l f u -
marate . The funarate e s t e r i s hydrolysed (when heated with 
potassium hydroxide) t o potassium fumarate which g ives a red 
colour on beating with a c e t i c anhydride. Therefore, an attempt 
has been made t o de tec t malsthion in a c i d i c , basic and s a l i n e 
2.2 
waters as ve i l as la th« preseoce of sooe otbsr i^osphorus 
blooldcs by tbis nswly davalopsd spot test* Charcoal bas been 
used to preoonoentrate oolatbioo from water in order to Increase 
the sensi t iv i ty of the test* Tbe results obtained are discussed 
in this chapter* 
2.3 
2.2 BXPEjaMEHfAL 
2.2.1 Reagents 
Aoetio anhydride • Lfl grade, BDII (India) Ltd. 
Activated oharooal, 200*300 nesh and eurtaoe area 
800 a^ g'^ • £.Merok (India) Ltd. 
Potaeeiun bydroxlde - LB grade, BPH (India) Ltd. 
All the other euhetanoee used were of analytical grade. 
Aqueous or ethanolio solutions of the t e s t substances {l%) 
were prepared. Where i t was not possible to prepare a l% solution, 
a saturated solution was prepared. FotassiuiD hydroxide was used 
as t% solution. 
T>BVP 
Piazinon 
TiiBsoron 
Ekatin 
2,2-Diohloroyinyl 0,0-dinBthyl 
l^osidiiate 
Solvent and other adjuvants 
All India Medical Corporation, 
Bombay. 
0,0*4>iaethyl 0*-(2-isopropyl-6-' 
Mithyl-4i<»pyriBidiayl)-phos{^o-
rothioate 
Solvent and other adjuvants 
Rall is India Ltd., Boabay. 
2<-(Chloro*5-*(dl*tiayle"ino)*-
1-as thy1-3-oxo-1*propeny1 
dlMthyli^osphate 
Bayer India Ltd., Bosiiay. 
S-2-(ethylthio) ethyl 0,0* 
diawtbyl-i^ospborodithioate 
Solvent and other adjuvants 
Saades India Ltd., Boirttay, 
76 per cent (w/w) 
24 per cent (w/w) 
20 per cent (w/w) 
80 per cent (w/w) 
100 per cent (w/w) 
25 per cent (w/w) 
75 per cent (w/w) 
2.4 
FolithloD 
ForiBotiilon 
Malathlon 
Paratblon 
Paratblon 
tMthy l 
Rogor 
0,0'4>lBetbyl 0*(3-'B>athyl-4'-nitro-' 
phenyl) phospborothioata 
Solvant and otber adjuvants 
Bayer India Ltd. , Sooibay, 
S-2'-(For»ylmetbyla»lno-2-
oxoethyl) 0,0«^liiietbylpbo8i^o-
rodltbioate 
Solvent and otber adjuvants 
Sandoz India Ltd», Boebay. 
0,0-Dlaethylphospboroditbloate 
of diethylflwroaptosuocinate 
Solvent and otber adjuvants 
Cyanaaidd India Ltd., BoHbay. 
0,0»Dietbyl ©-(p-nitrophenyl) 
phoepborotbioate 
Solvent and otber adjuvants 
Monsanto Cbecdoal Co., 
St .Louis, HO, USA. 
0,0-Diaetbyl 0<»(p»nitropbenyl) 
pbosphorotbioate 
Solvent and otber adjuvants 
Monsanto Chenical Co., 
St.Louls, NO, USA. 
0,0<4)iHMitbyl S*(2-aetbylanino-> 
2-oxoetbyl) phospboroditbioate 
Solvent and otber adjuvants 
Rai l is India Ltd., Boabay. 
30 per cent (w/v) 
50 per oent (w/w) 
25 per cent (w/w) 
75 per cent (w/w) 
50 per cent (w/w) 
50 per cent (w/w) 
98.5 par cent (w/w) 
1.5 per oent (w/w) 
80 per oent (w/w) 
20 per oent (w/w) 
30 per oent (w/w) 
70 per oent (w/w) 
2 .2 .2 Apparatus 
Aluainiua beating block. 
Real oentrituge. 
2.5 
2 .2 .3 Prooedan 
2 .2 .3 .1 Generala An aqueous eolutlon of the t e s t eubstanoe 
(0.6 mg) and 2-3 dropa ot potaaslun bydreside (1.2 ^g) vere 
taken In a eeni-nloro tes t tube, heated to reinove moisture and 
solvent; acetio anhydride (6 or 7 drops) was added and the 
contents were heated again for 5 nin in a heating blocic i&aint&ined 
at 135 j»^  5 • The oolour developed was recorded. 
2 .2 .3 .2 Lower LiaJt of Peteotion of Malathioni The known 
volumes of standard solution of attlathiim were tested by the 
above procedure. &ed oolour indicated the presence of loalathion 
and the lower l i o i t of detection was found to be iO B% l"^. 
2.2.3*3 Petecttop of Kalatatoa in gresenoe of Foreign Substances? 
Malathlon (0.6 tsQ}^, potaesiu^ hydroxide (1.2 •«) and the foreign 
substance (0*6 mg) frotc aaonget inorganic acid, base, s a l t , 
organic acid, alcohol, aioide, aastne, ani l ide , azo compcwnd, 
ester , ether, heterooyoXIo oo»pouud, hydrocarbon and their 
derivatives, n i i r l l e i , th^nols, ureas e t c . and other phosphorus 
biocides were taken in a eeni-vicro tes t tube and heated at 
135 ^ 5 as in procedure 2*2 .3 .1 . The oolour developed was noted. 
2.2.3.% Preooneentratlop of Malathlon fro« Watert A water savple 
containing known aaount of •alathion was Minually shaken with 
activated charcoal (lOO mg) in a tes t tube for 2-3 nln. The 
charcoal was separated by oentrifugation and then i t was agitated 
with 2 ail of ethanol containing 2->3 drops of potassiua hydroxide 
2.6 
(1*2 fag)* Tbe presvooe of wilaiblon was test«d In tbe 
supernatant liquid by proosdarc 2*2.3*1* 
2»2.3.5 ^•tsotiop of MalatbJpn in Wafr containing Ptifsrent 
Substanosst Procsdure 2.2.3*1 v*a ^lao used to test aalatbion 
in synthetic samples containing 1 »1 of nalatblon solution 
(0.001 per cent) and 9 a>l of 1 per oent aqueous foreign 
substance in solutlon/suspen^loo as specified in 2 . 2 . 3 . 3 . 
2.7 
2 .5 BESULfS 
HalatbioD flv«B a red colour by procedure 2«2.3 . l for 
the spot test under etudy* The lower U n i t of identlf loatlon 
was found to be 10 ag l" • Vben tbe test wae coupled with 
preooncontratlon of melathlon fron water wltb cbaroool as a 
medium, tbe lower l imit of detection was found to be 1 mg l" • 
Inorganic aclds» bases and s a l t s generally do not Interfere In 
the t e s t except for nitrates and some chlorides l ike ferric 
chloride and stannous chloride (Tables I and I I ) . Generally 
organic acids, alcohols, amides, amines, anl l ides , azo compounds, 
es ters , ethers, heterocyllo compounds, hydrocarbons and their 
derivatives, n i t r l l e s , phenols, ureas e t c . do not interfere in 
the test (Table I I I ) . However, some organic acids l ike ascorbic, 
c i t r i c , fumaric, oC'^ketoglutaric, malelo, malonic and oxaloacetic 
acids and carbohydrates such as dextrose, maltose and lactose do 
interfere in the test by producing colour. Some other pliost^orus 
containing biocides which were tested do not give any colour 
(Table IV). Therefore this t e s t i s specific for malathion. The 
colour produced by different substances i s given in column (A), 
the colour produced by malathion in the presence of foreign 
substances i s given in column (B) and the colour produced by 
malathion in water ccmtalning different substances i s given in 
column (C) of Table I , TI, III and lY. 
2.8 
TaDle I* netcotlon of Halatbion in Prvsenoe of Inorganic Acids 
and Bases 
Oovpounds 
Boric acid 
Hydroohiorlo acid 
Perchloric acid 
Sul{diurio acid 
Potassium hydroxide 
Sodiua hydroxide 
T ' 
(A) 
NG 
NO 
MC 
NC 
NC 
NC 
Colour 
f » 
(B) 
VLB 
LR 
LB 
VLB 
LB 
LR 
(C) 
. 
tt» 
-
•i» 
LB 
LR 
2.9 
Table I I • Tieteotlon of Nolathloa ID Presence of Inorganic 
s a l t * 
T 
Compounds Colour 
i I 
(A) (B) (C) 
Aomoniuo) oarbonate 
AsDmonlua chloride 
Calcium carbonate 
CalcluGi chlor ide 
Calcium n i t r a t e 
Calcium oxalate 
Cop{>er n i t r a t e 
Copper sulphate 
Cuprous ch lor ide 
Ferric ch lor ide 
Ferrous su l i^ate 
Lead n i t r a t e 
Magnesium acetate 
Magnesium carbonate 
Magnesium chlor ide 
Magnesium n i t r a t e 
Magnesium oxalate 
Magnesium sulphate 
Magnesium t r l s i l i c a t e 
i'otassluffl iodide 
NC 
NC 
MC 
NC 
MC 
NC 
NC 
NC 
NC 
B 
NC 
NC 
NC 
NC 
-
NC 
NC 
NC 
NC 
NC 
L& 
LB 
LB 
LB 
NC 
LT 
NC 
LB 
m 
B 
NC 
NC 
LY 
LB 
-
NC 
LB 
VLY 
VLY 
LB 
LB 
VLB 
-
VLB 
• 
-
-
-
VLB 
LB 
-
-
-
VLY 
LB 
«» 
-
-
«» 
«» 
(fable XI oontlnatd) 
2.10 
CoBpoundi 
(A) 
Colour 
""I • 
(B) (C) 
PotassiuiD oxalate 
Potaesluoi sulphate 
Sodiun ace ta te 
Sodium bicarbonate 
Sodium bromide 
Sodluts carbonate 
Sodium chlor ide 
Sodium n i t r a t e 
Sodiun sulphide 
Sodium sulphi te 
Stannous ch lor ide 
Trlsodlum orthophosphate 
21nc acetate 
i&lnc su l i^ate 
NC 
NO 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
LR 
VhH 
hU 
VLB 
NC 
La 
LB 
NC 
LB 
LB 
NC 
LR 
LR 
LB 
LB 
2.11 
Table I I I • Detection of Halathlon In Presence of Organic 
Co«pounde 
Compcmnds 
Acldst 
Aoetlo 
Ad 1 pic 
Alanine 
Ascorbic 
C i t r i c 
Cystine 
Puisarlo 
Glycine 
lllppurio 
oC -Ketoglutarlo 
Malic 
Nale lc 
Malonlo 
Oxaloacetic 
Alooholet 
Anyl 
Glycerol 
Methyl 
lso<-Propyl 
1 • 
(A) 
NC 
MC 
NC 
R 
B 
NC 
BR 
NC 
NC 
R 
DLY 
R 
y 
LBR 
NC 
NC 
NC 
NC 
Colour 
f f 
(B) 
V1.R 
R 
¥ 
PR 
R 
VLB 
R 
tR 
R 
T)R 
R 
R 
R 
R 
VLR 
VLR 
LR 
R 
(c) 
-
-
••> 
-
-
-
-
-
m»-
T»H 
-
-
-
-
-
-
^ 
~ 
2*12 
(f«bl« III continued) 
Coapounds 
Amides} 
Benzaoiid* 
N :N->1>iiBetby I f orataadde 
Amines: 
Ani l ine 
DiplienylaBiine 
N :N>T)i phenylani l i n e 
o-Toluidine 
Ani l ldes t 
Aoetanl l ide 
Azo oonpoundst 
Azobeozene 
Carbonyl oompoundss 
Acetone 
Acetophenone 
Benzaldehyde 
moNitrobenzaldebyde 
Paraldebye 
Salicyladebyde 
Vani l l in 
Es ter s : 
Bthyl acetate 
Stbyl formite 
- 1 — 
(A) 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
1.R 
NC 
NC 
NC 
NC 
NC 
Colour 
(B) 
LB 
LR 
liR 
R 
R 
Y 
VLB 
LU 
LR 
VLB 
LR 
UR 
LR 
LR 
LR 
LR 
VLB 
(C) 
«•• 
-
-
-
-
-
-
-
-
-
-
e» 
-
«» 
-
-
-
• • 
(Tablv III oootlnu«d) 
2.13 
Compound• 
(A) 
Colour 
(B) (C) 
Ettierflt 
Dtethy^l e ther 
Ueterooycl lo oowptHindst 
Ami t role 
Barbituric acid 
Indole 
2,6-1'Utidine 
Nioot in io acid 
pyridine 
Uric acid 
Rydrooarbcms and t h e i r 
d e r i y a t i v e s t 
Benxene 
Chlorobenzene 
Kerosene 
Nitrobenxene 
Toluene 
N i t r i l e s t 
Ace ton i t r i l e 
Phenoles 
Catechol 
ilydroquioone 
NC 
HC 
NO 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
• 
it 
La 
LB 
VLR 
VLB 
n 
VLR 
LR 
VLR 
LR 
LR 
VLY 
VLY 
LR 
LR 
R 
R PR 
2.1% 
(T«bl« III oontlnu«tf) 
Covpoundd 
O'^Iltrophenol 
Phenol 
Pblorogluolnol 
Resoroinol" 
l7r«aBt 
Urea 
Thioura 
Mlsoellaneous ooapoundst 
Detargent (Bin) 
Field s o i l 
Grease 
Mustard o i l 
Sand 
Soaps 
Tap water 
T ' 
(A) 
m 
LR 
VLa 
LO 
NC 
NC 
NC 
NC 
IK; 
NO 
NO 
NO 
NC 
Colour 
(B) 
LR 
R 
LR 
OR 
I4R 
R 
R 
R 
R 
IX 
R 
R 
R 
(c) 
mm 
-
R 
OR 
-
mm 
-
-
-
-
-
-
• 
Table IV. T)et«otion of Malathion in Prvseiio* of Sone 
Bloc ldes 
2 .15 
Compouads 
(A) 
Colour 
(B) (c) 
TIDVP 
niazlDOD 
T)iffi0oron 
Lkatlo 
Pol l ibIon 
Pornotbion 
Paratblon 
Parathion •e thyl 
Rosor 
hi 
NC 
NC 
LB 
Tf 
NC 
NC 
MC 
NC 
R 
R 
R 
R 
R 
R 
R 
LR 
R 
2.16 
2#4 PISCUSSION 
fb« test d«T«loped !• a specific spot test tor the 
detection of »lBthloit in acldlCf basic ead sallae waters a4S 
the other nine organophosphorus blooldes under study do not 
produce any colour. This test Is relatively sensitive, rapid 
and can be easily performed on the spot. The Interference of 
nitrates and nitrites In the test can be removed by heating the 
sample with 12 drops of acetic anhydride for 10 tsln. Ferric 
salts give a red colour with acetic anhydride In the presence of 
potassium hydroxide. Carbohydrates such as dextrose, maltose 
and lactose as well as organic acids such as ascorbic, citric, 
fumarlo, oC->lcetoglutarlc, malelo, smlonlc and oxaloacetic acid 
etc. also give coltmr In this test. These are naturally occurring 
substances which can find their way Into water from fruits and 
vegetables, and as such, they may Interfere In this test. 
However, organic acids mentioned above give yellow/orange/red 
colour with sodium formate In acetic anhydride ^'' ^'. since 
malathlon does not give any colour In this test, It can be 
easily differentiated from the above acids. Some other compounds 
which may be present In water such as ammonium chloride, calcium 
carbonate, magnesium chloride, magnesium trlslllcate, potassium 
hydroxide, sodium carbonate, sodium bicarbonate, sodium chloride 
etc. do not give any colour and malathlon can be detected In 
their presence successfully. Soaps, detergents, ureus and some 
other nitrogen compounds which cause water pollution do not 
Interfere In the test. Thus malathlon residues can be detected 
2.17 
ID wat«r In the presence of above pollutants. The water extract 
of f ield so i l or sand also does not give any colour, so the tes t 
can he applied for the detection of Maiathion residues in soi l 
or sand. The use of activated carbon in a f i l t ra t ioo aystcm as 
a tneans of renoving pesticides has been reoonoiended. I t hag been 
used to renove BRC» DTVr, lindane and toxaphene'' from water. The 
resul ts show that activated charcoal can be ueed to reoove and 
concentrate laslathion residues froai water (Table I , II and I I I , 
Coluien (C)}. I t i s clear from these resul ts that the detection 
limit of maiathion in water i s 10 ng 1*^, which i s not rea l i s t i c 
unless gross pollution i s being considered. If, however, the 
tes t i s coupled with adsorption of Maiathion on charcoal, the 
-1 
detection limit i s lowered to 1 Mg 1 , which i s more r e a l i s t i c . 
The t e s t seeas on the whole to be an excellent indicator for 
maiathion residues in water* 
CHAPTER t THfiliiE 
VOLUMETRIC DETKRMIHATIOW OF MALATIHON IK FORMULATIONS BY A MEYHOT) 
BASEn OK COMPLglgNQ OF PIM£TBYLfHOSPHO«0&IfHlOAT# 
WITH BISMUTH ( H I ) 
3«1 INTIOWCTION 
As r«port«d • a r l i e r isalathion i s widely used for the 
oontrol of household pes t s , poultry pests and various pests 
of cereals , pulses, o i l seeds, fibre crops, vegetables, frui ts 
and plantation crops like sugarcane, tea, coffee, coconut, 
cashew nut and betelvlnes in India* Many procedures have been 
reported in the l iterature for deternining malathion in pure 
or formulated technical grade products and in residues. 
Instrumental methods such as coloriRietry®^'"®^^ g^ . 108-109^ 
i r " and ms have been used. Wayne had claimed that 
gc i s the most accurate and sensi t ive method* However, tuany 
laboratories specially those in the Third World do not have 
the necessary equipment as i t i s quite costly* Therefore, 
there i s a need to explore simple and inexpensive methods such 
as volumetry and oolorimetry for such estimations* 
Laicshminarayana'^'' reported a volumetric determination 
of malathion based on the oxidation of dimethylphoaphorodithioate 
with an excess of chloramine T and iodoii^etric determination of 
unreacted chloramine T* Sodium oxychloride, obtained from 
3.2 
hydrolysis of chloramiue T, oxidises 0,0'-dlBtetbylpbospborodl-
thiole sold to 0*0-»dlBietbyl];^ospborlo sold; s lxtssn •quivalents 
of oxygen are reiiuired to oxidise oae so le of nalathlon* Tbe 
113 
reaction neohanlsw Is shown in Sohene ?• Slqulroff et a l , 
adopted th i s oethod for the analysis of soae oonsBerclal 
foraulatlons Inoluding powder foimilatlons* 
97 Hil l and bis oo-wortcers proposed a volumetric method 
based on oonplexatlon of oopper(n) v l tb pbosi^orodltbloate ions 
fomwd by tbe alkaline cleavage of naletbion* Tbo yellow 
complex so formed was extracted with ohlorofortti and tbe copper(II) 
reoielnlng In tbe aqueous layer was detornlned lodotcetrloally, 
Tbe interfering substances were accounted for In a parallel 
deteivilnotlon of the unhydrolyeed malathlon sample* These 
authors deterwlned ualatbion hy the following expression 
B<T -T) X 13.23 
% aalathlon (w/w) » x 100 
where *B* i s the weight In g of oopper(II) sulphate pentabydrate 
to which 1 »1 of 0*02N sodiuv tbiosulphate Is equivalent, T and 
T^ are the voluaes of sodlun tbiosulphate used for the hydrolyscd 
and unhydrolyeed Malathlon samples respectively and *V* i s the 
weight in g of aalathlon sample taken for analysis* Tbe 
figure 13*23 bas been taken into accounts that one nolecule of 
Gopper(II) sulphate pentabydrate reacts with two Molecules of 
0,0«dlMetbylphos|4iorodlthiole acid derived froM two Molecules of 
>»3 
•alatbion and that only one f i l t h of tho saalatbion weighed 
i s used in oach deterstinatioo* Ths iBeohanisn for the fomation 
of yellow ooaplex i s shown in Sobeve 8» The ins tabi l i ty of the 
copper oomplejc ond possible interfsrsnce from inpurities limited 
the accuracy of the s«thod* 
114 Miles et al» evolved an argentioetrio oiethod based 
on the fomation of insoluble preoipitate of s i l ver ions with 
pbosphorodithioate ions* The end point was dotsxvinod potentio-
toetrioally. Concentration of nalathion was oeloulated from the 
following expreseicm 
Kmalathion - ^ « » « ??»<>% 
where *V* i s the volume of s i lver nitrate solutipn used, *N* 
i s the normality of s i l v e r nitrate solutitm used and *W* i s 
the weight of the sample taken. Soluble sa l t s that were formed 
with s i l v e r ions due to the impurities in nalathion seiaple 
do not interfere. Polar compounds such as 0|0-dimethylpho8pho-
rodithioio acid generally present in the technical grade 
malathion and the malathion emulsifiable concentrates were 
removed by passing a solutimi of the sample in bexane through 
a moistened ce l lu lose column* The formation of red precipitate 
with s i l ver ion i s shown in Scheme 9* 
96 Siquiroff et al* modified the above argentimetrio 
method by using diohlorofluoresoein as an indicator* Percentage 
3»* 
of •alatbloo was calculated by tbe following «xprca«loa 
% •alatliioB (w/w) • ^ * * * ^^? 
Where *v* la the volume of silirer nitrate eolutloii uaed, *M* i s 
the norBsallty of e l lver nitrate solution and *g* ia the weight 
of the sample taken. Xnterferenoee due t o compounds which can 
give precipitate with Ag(I) that are generally present in the 
liquid formulations of mslathion were removed by passing the 
liquid sample through a f l o r i s i l ooluina* 
88 Recently, Clark and Qasi have reported a modified 
oolorimetric method based on the formation of a complex of 
dimethylpbosphorodithioste with B i ( n x ) ions* Xt has been 
claimed that th is method i s applicable to the determination of 
malatbion at ppm level and that i t can be extended to ppb l eve l . 
Therefore, an attempt has been made to develop a method based 
on the bismutb(IIX} complexation with dimethylphosphorodithioate 
with a t i trimetric f in i sb , fbe results obtained are discussed 
in this Chapter. 
3.^ 
3*2 8XPSIgliSNTAt 
3*2«1 jtoagentg 
Atmoni® »oltttlo» <255() • 1<B c>'»d*» XIIFL* lodla* 
Chlorotorm - GR grade, K.M«rclc India Ltd. 
Ether - Ga grade, E.Merck India ttd» 
F lor i s i l (60*100 nesh) - Sigiaa CbeiBloal Co.» USA. 
Malatbion • Detai ls aa given in Chapter Two. 
Methanol - GB grade, E.Kerok India Ltd. 
Nitric acid • LR gr^de, BDH India Ltd. 
Perchloric acid «• OR gi^de, E.Merck Germany. 
Petroleum ether * LR grade, BDH India Ltd. 
Sodium hydroxide <3N} - LR grade, Ranbaxy India Ltd. 
Sodiuci sulphate, anhydrous • LR grade, BDH India Ltd. 
Thiourea •> QR grade, E.Merck Indie Ltd. 
Bi8iButh(IIl) nitrate solution (0.02M) • 2.5 g of bisnuith nitrate 
pentahydrate (AR grade • ODB India Ltd.) dissolved in 10 ml 
concentrated ni tr ic acid and the solution diluted with 
d i s t i l l e d water upto 230 n l . 
EDTA solution (O.OlM) - 3*72 g of sodiun sa l t of ethylenedi* 
aninetetrasoetio acid (LR grade • S.Merck India Ltd.) 
dissolved in 1 1 of d i s t i l l e d water. 
Phenol solution (30%) • 30 g of phenol (LR grade - mm India Ltd.) 
dissolved in methanol ai^ mads upto 100 ml. 
3.6 
3»2.2 Apparatus 
Burette • At least 10 ml oapaoity, calibrated in 0.05 al 
divisions* 
Conical tlasks - 250 ml capacity. 
Glass ooluam - 300 x 22 on. 
Graduated measuring cylinders - 10 and 50 ml capacity. 
Measuring flasks >• 50 and 250 ml capacity. 
Pipettes «> 1 and 10 ml capacity, 
separating funnels - 250 al capacity witb close fitting glass 
stoppers• 
Sample Preparation • 
An aiBount of enmlsifiable concentrate that contains 
0.90 to i.OO e of pure tualathion was weighed accurately in a 
50 ml B^asuring flask; dissolved in methanol and tsade upto the 
mark. Solution was mixed thoroughly. 
96 PurifioetioQ of Molathion"^ -
A glass column (300 x 22 am) was f i t ted with oe 10 cm, 
60-100 mesh Flor is i l* 1 cm of anhydrous sodium sulphate was 
added and the column moistened with 40 ml petroleum ether. The 
liquid sample equivalent to 0 .9 to 1.0 g of active matter was 
added to the column and eluted with 100 ml petroleum ether -
ether (50 *• 50) at a rate of 5 «1 per min. The eluate was 
evaporated and then diluted to 50 ml with methanol in a volumetric 
f lask. 
3.7 
3.2 .3 Prooe<!ur« 
3 .2 .3 .1 T>cterMl nation of Ha lathi on plus free 0,0»T)tmethyl> 
pfaoaiaiorodlthlolo Acl<f and any Interfering Material! A 10 ml 
aliquot of the above aaotple solution was transferrea Into a 
250 ml separating funnel by a pipette) 1 ml of 3N soAlua 
hydroxide and 1 B1 of phenol solution was added, the mixture 
swirled gently for 1 nln and kept aside for 45 inin. After that 
5 oil of km n l tr lo aold was added to naice the solution acidic 
and then 50 ml of chloroform was added followed by 10 ml of 
blenaitb solution and the odxture was shalcen vigorously for 
2 mln. The yellow coloured chloroform layer was separated and 
the aqueous layer was washed thrice with 10 ml of chloroform. 
The aqueous layer containing unreaoted bismuth nitrate was 
transferred to a 250 ml conical flask. The separating funnel 
was also washed twice with 10 ml of d i s t i l l e d water and washings 
mixed with the aqueous solution. Then 1 g thiourea was added 
to this solution and dissolved by warming; anuonla was added 
dropwlse t i l l the precipitate formed dissolved slowly. The total 
volume was made upto 50 ml with d i s t i l l ed water; pB was maintained 
at 1.5 o 2.0 with perchloric aold and the solutl<xi t itrated 
against O.OlM EDTA solution, t i l l the yellow colour of the bismuth-
119 thiourea complex faded "^^ The volume, Y. | of EDTA used In the 
tltrsttlon was recor.^ <*^ > 
3.2.3*2 Petermlnatlwi of free OyU^Dimethylphosphorodlthlolc Acid 
and any Inter fer ln | Material{ A 10 ml aliquot of the sample was 
3.8 
traneferred into a separating funnel by a pipette; 1 nl of 
3N sodium hydroxide, 1 •>! of phenol solution and 5 ml of ni tr ic 
acid were added. Then 90 ml of ohloroform wae added followed 
by 10 ml of bismuth solution and the olxture was shaken vigo-
rously for 2 Kin. I'he l ight yellow coloured chloroform layer 
was separated and the aqueous layer was transferred to a 250 ml 
conical flaslb. The separating funnel was also washed twice 
with 10 ml of d i s t i l l e d water and the washings added to the 
aqueous solution. £DTA t i trat i im of bi8iautb(III) nitrate 
remaining in the aqueous solution was carried out as described 
in the section 3*2*3tl* The volume, V^t of EDTA used In the 
t i trat ion was recorded. 
5*9 
3*3*1 Caloolatlooi The swroenteg* of Malatlilon in the sftiople 
taken for analysle was oaiouloted froie the following exproesl^m 
w (Y *V ) X F 
Malatblon % (w/w) • ', ?^ i ^ loo 
vhere *«* Is the weight In *g* of hlsuath(IXX) nitrate penta* 
hydrate to whloh 1 DI of SHTA solution i s oqulvalentt *V.* and 
*V.* are the t l t r e values in e l of EDfA solution required for 
hl8iouth(Ii;x) nitrate reosining after reaotion vltJH the hydrolysed 
and unhydrolysed nalatbion samples respectively and *W* i s the 
original wolght in g of s^letbion sample taken for analysis* 
On comparing the results of the analysis carried with 99*8 
percent malathlon samples and enulsifiahle oonoentrates the 
factor *F* accounts the value 23.51% in^ioating the entirely 
different nature of complex of b isni thCtl l ) with OtO-dimethyl-
phosphorodltbloio acid* 
3«3.2 Accuracy and Prsolsion"^t A s t a t i s t i c a l analysis of 
s ix consecutive results (Table V) obtained with a fresh sample 
of 99*8 percent mlathion showedi Average result 99*0 percent; 
average deviation 0«72| standard dsviation 0*86$ probable 
error 0*58 percent. Therefore* the method can be used for 
quick estimations of malathion within reasonable l imits of 
precision and aoouraoy. 
3.10 
Table ¥• Used Volumes of £t}TA Solution in Titrating against 
Hydrolysed and Unbydrolysed Malathloo Samples 
S I . 
No. 
1 . 
2 . 
3. 
4 . 
5 . 
6 . 
'"f" ' 
Original 
weight in 
o f Btala* 
thion 
saipple 
taken for 
a n a l y s i s 
(W) 
2.1189 
2.1189 
2.1189 
2.1189 
2.1189 
2.1189 
"' 1 
Malatbion 
g saffiple 
taken for 
ana lys i s 
( a l ) 
10 
10 
10 
10 
10 
10 
-T—-""'•""""•'•" 
Used ToluBie 
solut ion 
against i 
sanple 
of EDTA 
t i t r a t i n g 
Mt l a t h i o n 
ilydrolysed 
sample, 
Vj («l) 
1.10 
1.20 
1.15 
1.20 
1.30 
1.10 
T—" 
Unbydrolys 
sanple , 
Vg (»l5 
10.00 
9.80 
9.90 
9.80 
9.80 
9.50 
1 
Volume of 
EDTA s o l u -
t ion used 
;ed<»^> 
8.90 
8.60 
8.75 
8.60 
8.50 
8 , M 
weight of b i s n i t b ( t l l ) pentahydrate to wbioh 1 nl of EDTA 
solution i s equliralenty *w* « 0.005 g* 
3.11 
3.% PiSCUSSlOli 
Tb« volunetrlGi Method undtr study i s applicable for 
deteridaatioo of Mlatbion at «g ml** l«v«l (l23-4ill mg 10 ml"*) 
in purl fled sasplea as wall as in eBsulsifiable oonoentrates. 
This level of datsrninatlon i s comparable to the volunetrlo 
methods reported by Hil l et a l * . Miles et a l ,*** and 
Siquiroff et a l .^^. Clark «nd Qasi in their modified color i -
metrio method used sodium hydroxide/sodium metal in ethanol 
for conversion of aslathion into 0,0-dimetbylphosphorodlthioic 
acid. Hil l et al» used equivalent amounts of sodium hydroxide 
and phenol for the same purpose. In the present work, i t was 
found that unused bismuth can be titrated to a sharp end point 
i f phenol and sodium hydroxide ore used for hydrolysing 
malathion. For the extraction of bismu^ complex formed either 
ohlorofons or carbon tetrachloride can be used. Compounds 
such as OtO->dimethylophosphorodithioic acid, S-[(i•oaI1>oxy-2-
carbethoxy)}«thyl OyOodimethylphosphorodithioate and 
S- ^l»carbethoxy-2-oarboxy)jethyl O,0-dit&ethylphosphorodlthloate, 
which are l ikely to interfere in the estimation are accounted 
for in a parallel detersdnation, which omits the hydrolysis 
stage. The types of complexes of Ag(I) and Cu<II) with 
dimethylpbosphorodithioate as suggested by ear l ier workers are 
given in Schemes 9 ond 8 respectively. Hill e t a l . used the 
value of *F* as 13.23 which indicates that the r s t i o of Cu(ll) 
to dimethylimos(d>orodithioate i s l s 2 . In present method, the 
3.12 
value of P Is 23*51^ showing that the ratio of B l ( i n ) to 
dimethylphosphorodlthloate i s 1S7* Hence, I t seems that the 
nature of Bl(lIl)-dlaethylpho8phorodlthloate complex forced 
Is entirely different froa that of Ag-dlmethyli^ospborodlthloate 
and Cu-dlntethylphosphorodlthloate complexes. 
Generally colorlmetrlc netfaods are more sensit ive than 
voluGitetrlo methods ' . The present volumetric method Is also 
88 less sensit ive than the corresponding colorlmetrlc method • 
Colorlmetrlc methods are based on the extractlcm and measurement 
of the absorbance of Cu(II) or Bi (III ) complexes* Unfortunately 
these complexes ere unstable under ordinary conditions and not 
quite stable even under controlled standard conditions* Although 
the volumetric method under study i s l e s s sens i t ive . I t can be 
used in places where sophisticated instrumentation i s not 
available and proper conditions to ensure s tab i l i ty of the Cu 
complex can not be achieved* 
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CBAPTSa t FOUR 
soaPTioy-pgsoafyiOM sfUPias OF MALATOION m 
ACTIYATKP CHAECOAL IN PIFFEflliNT WATERS 
4.1 iNfUPPUCTION 
Activated otiarooal la a veraatlla adsorbent that la 
being used for different purposes since long* In 197?» Edwards 
reported that charcoal has high capacity for retaining plant 
plgiaents and soane waxes and o i l s * . I t has been used to remove 
and separate biocide residues^^''^^^^^*^*'^^*"®'*^^ from 
substances which are generally present in plants, animals, air 
and water. Charcoal has high adsorption capacity for biocides, 
i t s use in so i l decreases their translocation. For example, 
residues of aldrin and i t s netabolites, dieldrin, in raddishes, 
carrots and potatoes have been reduced to 66, 53 and 71 percent 
of the original , respeotivel^f by the addition of 2000 ppm of 
carbon to the s o i l . Addition of tt#«Mi48 kg of activated carbon 
per hectare has been found to detoxify chlordane (present at 
1.7-13.7 kg ha"^) and heptachlor (1.12-4.5 kg ha"^). A single 
treatment of so i l with 1000-4000 ppa of activated carbon can 
substantially reduce the uptake of heptachlor and aldrin fron 
so i l into crops. A nuaber of workers have studied the use of 
activated carbon in f i l trat ion systeos as a aeans of rei^oving 
5 biocides frosi water . Several kinds of cotmercial f i l t e r s are 
being used for the resioval of organic pollutants. Shiiki 
4.2 
121 
et al« used activated carbon to rai&ove aldahydaa, aaino 
acids, diathylanine and bydrogan cyanide tron. waste water in 
presence of a ir , nitrogen or oxygen* Tbey used activated 
carbon of 30«'60 nesb s ize and found tbat oxygen greatly enhanced 
the removal of the waste water components. Adsorpti(Mi rate of 
oxygen i s related to the partial pressure of oxygen, the ooncen<» 
tratlon of activated carbon and the concentration of adsorbed 
122 
csaterial. Wang et a l . ''^ reviewed the ef fect of v^ on activated 
carbon adsorption in single and laul t i c opponent organic aqueous 
systems. They included organic acids, bases, anionic and 
oationic surface-active agents, non-ionic compounds and polymers 
in single oonponent systems; sulphite pulping wastes and glue 
factory wastes in loalticomponent systems. Suglmoto et a l .^ -^  
made comparative studies of the efficiency of granular activated 
12% 
caitions. Shogenji used activated carbon in treating pulp 
waste water containing organic substances such as carbohydrates, 
f ibres, l ignin, organic acids, resins and tannin and inorganic 
substances such as calciun chloride, sodiun suli^lde, sulphite 
and sulphate ions, fhe rate of adsorption was extreisely rapid 
during the period, 0.5~1 hr and slow during 2-48 hr. Bernardin 
and Froelich^^' s ignif icantly reduced or total ly removed aorolor, 
aldrin, dieldrin, DDT), DDT, endrin and toxaphene from industrial 
waste water by treataent with activated carbon. Kuaasaki ^ 
used activated carbon to adsorb aldehydes, aaines, ketones and 
127 phenols fron petrocheMical waste water. Sakuri studied the 
128 
u t i l i t y of activated carbon In sewage treataent. Nakano et al« 
* .3 
detected blodegradiblllty of organic oonpounds by activated 
sludge and incubation aetbod in dyeing water. Activated sludge 
treataient renoved 25''B6 percent of tbe dyes In 10 mln while the 
incubation metbod was not effeotive in ^ days. Soura and 
129 McClure presented a procedure for deternlnlng oblorlnated 
hydrocarbons in sea water by adsorbing on a copper column 
containing activated carbon* magnesiuBi oxide and refined 
diatoBiaceous earth. After e lat ion they were detenslned by g l c . 
A gas chromatograpbio procedure was presented by Eroaolaeva 
et a l . ^ ^ for tbe determination of organochlorloe cooipounds in 
natural and waste water using an activated charcoal preconcen-
tration s tep . Granular activated carbon of s ize 1-3 «m and 
2 -1 
specific surface area s;80 m g has been tested by Hyblnstci 
65 
and Nieioeryos for : scavanging chlorofenvlnphoSf DOT, DHnf, 
y-HCH, nalathion, fenltrothion, toxafdiene and trlchlorfan from 
eff luents, fbey have olaltaed that carbopol i&*4 with adsorption 
capacity of 25 B% g , w i l l reduce nalathlon concentration to l e s s 
than 100 ug I**, gelnhardt and Troeng ^ reduced tbe surfactant 
c w cent rat ion froa lOO to 10 mg l" by passing the aqueous 
soluticm over a bed of active carbon with a contact tloe of 
15 Bin. Sudo et a l . "^  detentined the effect ive surface d l f f u s l -
v l t l e s of an aqueous solution of p-chloroanillne, o-chlorobenzolc 
acid, 3-nethyl-4-ohloro phenol and diohloroacetic acid on activated 
carbon. Parathion adsorption«desorption isotherns for Bondhead 
sandy loan have been studied by Bowaan^^. S a i t h ^ described 
the u t i l i t y of dispersed carbon adsorbent, powdered activated 
4.% 
carbOD(<20liM)wa8 aaixcd with flo*ly divided glasa fibres in 
»e^yl«ne chloride and paoked into obronatograi^y ooluvns. 
fhe adsorbent faci l i tated and significantly expended the use 
of small amounts of activated carbon in lov or high flow 
application for the isolat ion of strongly adsojii^ed oompounds 
Buch as polyohlorodibenzodioxins* Petty'^''' outlined a oHBthod 
for the desorption o^ chlorinated biooides, various hydrocarbons, 
alcohols and ketones fron graphitised carbon black* The 
adsorption of benzene vapours, p»cbloroanillneir 2,4H)ichloro> 
phenol and 2,5*dioblorophenol dissolved in waste water was 
studied <m activated carbon of various porosities and on 
156 1"57 
non-porous s o o t by Mao»henlro e t a l . '^ Shannikov and L u t s o v l c b -" 
a p p l i e d a c t i v a t e d oarbcm t o remove aromat ic amines formed during 
the water conditioning process. I^oently, granular activated 
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carbon f i l t e r s have been developed aM widely used in European 
c i t i e s for reaoving organic pollutants frcwi water* Granular 
activated carbon specially prepared for using in water f i l t er s 
i s a l so available in the narlcet* The aaount of carbon required 
depends upon the biocide involved and the nature of the water* 
For exasaple, DDf i s renoved by carbon adsorption while low 
ooncentration of BBC and toxaphene can not be reaoved* I^ arge 
anounts of carbon would renove lindane, but i t requires 28 ppa 
of activated charcoal to decrease a concentration of lindane 
from 10 pp« X 10 to 1 ppn x 10 • The wide use of nalathion 
in crop protection increases i t s oontawination of water and i t 
i s necessary to ensure i t s renoval* With this point in view, 
4*5 
tb« adsorption bebaviour of sialatbion on activated obarooal, 
alumlQa, t lyasb, ion exchange reein and s i l i c a gel bag been 
studied. Tbe adsorption and desorption on cbarooal has been 
studied in d e t a i l . The results Obtained are discussed in 
this chapter* 
%.6 
4l.2 BXPEttt MENTAL 
4.2«1 R^ageof 
Activated charcoal (200-300 nesb aod aarfaoa area 800 n g ) • 
E.Merck India Ltd. 
Alumina neutral (100-300 iBesh) - LR grade, BDH India Ltd. 
Carbon tetrachloride - GR grade, E.Merolc India Ltd* 
Flyosh (SO-lOO neeh and 100-200 neeh) - Tberoal power stat ion, 
Kasimpur ( l / .P.) , India. 
Maoroporous cation exchange resin, MSC*1, in H tons, (20*30 
IBesh) - Sigan Cbeaioal Co., OSA. 
Malathlon - Details as given In Chapter Two. 
Nitric acid (4N) - AS grade, BDH India Ltd. 
S i l ica gel 6 - LB grade, S.M.Cbevioals, Bonbay. 
Copper sulphate solution (0.06M) * Dissolved 1.3 g AR grade 
copper sulphate pentahydrate <BDU India Ltd.) In d i s t i l l e d 
water and oaade upto 100 nl mark in a volunetrlo f lask. 
Diohlorotluorescein solution (0.i?() - Dissolved 100 «g diohloro-
fluorescein powder (Slgaa Cbesdoal Co*, USA) in alcohol and 
•ade upto 100 Ml marlc. 
Phenol (30)() * Dissolved 30 g LR grade phenol (BDH India Ltd.) 
In methanol and aade upto 100 ad anrk. 
Si lver nitrate (O.IM) * Dissolved 8.496 g finely powdered 
AR grade s i lver nitrate (BDH India Ltd.) In d i s t i l l e d water 
and aade upto 300 Hi anrk In a voluauitrlo flask. I t was 
standarized by t i trat ing against standard O.lM sodiun 
chloride solution. 
*.7 
Sodlua hydroxide solution ijlH) «- Dissolved 12 g sodlun 
hydroxide pe l l e t s (BaDbaxy India Ltd*) In d i s t i l l e d water 
and nede upto IcPal In a volusietrlo flask* I t was 
standarlased hy t i trat ing against standard 3M hydrochloric 
acid* 
Coated f i l t e r s - An 11*5 on f i l t e r paper c i rc le was folded 
and fitted In a 6*5 en funnel, charcoal or other adsorbent 
(0*3 g) was placed In the bottotSi a snail volume of water 
was added to naice a noblle paste, and the f i l t e r paper was 
coated with charcoal by moving the paste upto a height k cm 
on the f i l t e r papers* The f i l t e r was l e f t for 10 mln at 
room temperature (33 ^ 2 ) to renove excess of water and 
then used for fl ltratl(m* 
4*2.2 Apparatus 
ASTM standard t e s t sieves* 
Centrifuge • Kead India Ltd* 
Sleotrlo oven - Tempo India Ltd* 
Shaker incubator •> Teohnloo India Ltd* 
Speotrophotoneter • Bausch & Lottb, Spectronlc>20, USA, 
Themostatlc water bath • Tenpo India Ltd. 
X^ray unit with dlffraotonster^Phlllps, USA* 
4*2*3 Procedure 
Malathion was estins ted both volunetrloally and speotrophoto* 
uetrloally* 
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4.2 .3 .1 Volu—trio TXtcralimtlon^^t Malatblon was t i trated 
with s i l v e r ni trate . Bthanolio aalatbioa solution ( l »1, O.IN), 
5 nl of aethanol, 14 «1 of d i s t i l l e d watar, 2 m of netbanollc 
phenol solution were mixed and kept at 60 J^  2 on a water bath 
for 30 nin, neutralized with kM n i tr ic sold to pB 7-6 and 
titrated with O.IH s i l v e r nitrate with diohlorofluoresoein as 
on indicator. Sane procedure was used to deteradne oelathion 
in saline water. Yolune of s i lver nitrate oonsutted by a 
particular amount of nalatbion was found to depend on the 
sa l in i ty of the tes t solution, and the end-point colour was 
a lso found to depend on the sa l t present in the solution. 
Hence, for the adsorption studies, the i n i t i a l and final 
aialathion solutions were titrated at the sasie degree of sa l in i ty 
and the differences between the t i traot voluiaes was taken to 
give amount of aalathion adsorbed by the s o l i d . To test the 
re l iab i l i ty of this procedure, the residual isalatbion in water 
samples containing anions which give a precipitate with s i lver 
nitrate at fii 7-8 was a l so determined spectrophotometrically. 
4 .2 .3 .2 Spectrortiotoaetrio Petet^inetion ' t Malathion solution 
(3*3-'100 mg l"^, 20 ml) was placed in a 50 ml separating funnel 
followed by 2 ml of 3M sodium hydroxide solution end the mixture 
was swirled gently for 1 mln. About 10 ml of d i s t i l l e d water 
were added and the solution was acidified with %N ni tr ic acid. 
Then 10 ml of carbon tetrachloride and 2 ml of 0.06M copper 
sulplkate were added and the yellow copper complex was extracted 
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by shaking for 1 nln* Absorbanoe was neaaurad at 420 nto 
agalnat carbon tetraoblorlda. Aa tbia procedure was not 
aeneltiire enough lor vary low eonoantratlena of smiatbion, a 
larger volume (250 a l ) of the t e s t solution was taken In a 300 ml 
separating funnel and the above prooadura was repeated. I t was 
observed aelathlon gats conplately ccwplaaced In both the cases 
whether 20 nl of the tes t solution or 2^0 »l Is taken. 
4 .2 .3 .3 Time for Eoulllbrluit Malathlon (6%.6 rag) was taken 
In different conical flaaks containing 0*5 g of the adsorbent. 
The total volume was aiade upto 20 nl with d i s t i l l e d water. The 
flasks were kept at 20^2 with Interidttent manual shaking and 
after a definite period of tine the adsorbent was removed by 
f i l trat ion and •»lathion t i trated In the f i l t r a t e by 
procedure 4.2.3*1 (Table VI). 
4 .2 .3 .4 Adaorptlon laotharal Malathlon (8*63 ««) and 0.5 g 
of charcoal (or other adsorbent) were shaken Interadttently with 
20 »1 of water for 24 hr and the residual aalathlon t i trated. 
The results were Interpretted In terns of the Preundllch 
adsorption Isotherai) 
x/« m k c j /" . . . ( 1 ) 
where 'x* and *•* are the weights of charcoal and of nalathlm 
adsorbed on I t , respectively, *k' amA- *&* ars Freundllcb's 
parasieters that represent the adsorption capacity and degree of 
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adsorption, respeotlvoly, and *C *^ i s the oonoentratloo of the 
•olute reaainlEig in tli* solutioo a i t t r adsorption* The weight 
*x* of the solute adsorbed i s equal to the change in nolar 
oonoentratioo of the solute adsorbed which i s equal to the 
change in nolar ooaoentration of the solution after adsorption, 
that i s , C»C , iBultiplied by the product of the molecular weight 
of the solute, M, and the volume of the solution, V* Thus, 
X • (C-C^) m . . . ( i i ) 
putting the equation in logarithnic form, 
log x/» * log k • %/n log G^ 
log *x/m* i s plotted against log (2^, the intercept and slope 
give 'k' and H/n* respectively. The results for various 
adsorbents are given in Table VI* 
4I.2.3.5 Distribution Coeflicjvttnt* Varimis aaounts of nalathion 
and 0*5 g of charcoal in 20 al of solution were shaken inter-
Bittently for 2k hr and the residual mlatbiiMi was deteroilned 
t l t r l M t r i c a l l y . The distribution coeff ic ient ( r . ) was calculated 
frov the following expression) 
^ i " «*# V 
K , ••*• ' ' ^ X - . . . ( i l l ) 
a C- « 
where '1* and *f* are the i n i t i a l and final concentrations of 
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•alatblon (In frm» of t itratioD VOIUBMI or absorbanoo), 
•V* i s the Yolume of solution and *«* I s the wslght of 
oharcool. To sstimate sialatblon at higher concentrations 
volumetiy (4*2.3.1) and at low concentrations speotro{^oto~ 
metty (4.2*3.2) were used* The results are given in 
Table m i and IX. 
4.2.3*6 K, Values after Fi l trat ion througjb Charcoals Different 
volumes of aalathion solutions were t i l tered through coated 
f i l t e r s . lialathi<Hi was detemined in the f i l t r a t e spectro{4ioto~ 
metrically (4 .2 .3 .2) and the K^  valaes calculated by the 
expression ( i l l ) ajre glvon i«i Tabl^ X. 
4*2.3*7 Adsorption and Heooveryt Eight water samples (5 nil^  
containing 42.4-47.1 og of malathion were shaken mechanically 
with 0.5 g of charcoal in 100 ml conical flasks at 20J|;2 for 
5 min. Charcoal was removed by oentrifugation and aalathion 
l e f t in the supernatant liquid was determined volumetrioally 
(4 .2 .3*1) . To elute the adsorbed malatbion, charcoal was 
shaken with 3 ml of particular solvent for 3 adn, centrifuged 
and the supernatant liquid was titrated to determine malathlon. 
The results are given in Table XI. 
4.2.3*8 X-8ay Analysis of Plyashl The tlyash ( i g) was dried 
at 110 and analysed with Cu K rndlation. The analysis data 
are given in Table XXI. 
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4.3 BBSULTS 
Table Tl sbowt that equillbrluBi lo the adsorption of 
malatbloa on oharooal i s attained within 2 hr» Conparieon of 
preundlich paraaetars for Balstbion on different adsorbents 
(Table VII) show that oharooal has highest *ic* and lowest *l /n' 
values of nalathion• Adsorbed percentage of oalathion on 
activated oharooal at high oonoentration (l*6 g 1" )^ in water 
samples containing different sa l t s i s given in Table VIII. 
Adsorption of nalathion i s very high at the oonoentrations 
studied (Table IJC). Besults also show that charcoal f i l t e r s 
have very high retention power for loalathion and this increases 
with increasing oonoentration (Table %)• These results again 
find support frcia the data given in Table H , dS-lOOfi of the 
nalathion was adsorbed in 3 Bin* Hot ethanolic potassium 
hydroxide or methanol were found to be the best solvents for 
elutlng malothion from oharooal* The x-ray analysis data 
(Table XII) show that the flyasb under study have quartz 
predominantly, oa l c i t e , amort^ hous carbon, s i l i ca and a very 
•mill quantity of lime. 
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Table VI • Dependence of Adsorption of Malathlon on Tiiae 
at 20 • 2* 
— , — ••• - • I ' - ' • • • " " 
Tltae tor equiUbriuB Malathlon adsorbed 
(hr) im g" ot charcoal) 
0.50 102.7 
2.00 116.6 
4.00 116.6 
6.00 116.6 
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Table VII. Preuiidllob*s Isothern faramiters for Malatbloo 
on Different Adsorbents in Water 
— — — — i ' I 
Adsorbent k l /n 
Alumina neutral 
Cbarooal 
Flyaeb (50-100 mesh) 
Flyaeb (100-200 isesb) 
MSC-l 
S i l ica gel G 
0.%4 
1.60 
0 ,32 
0 .50 
0 .45 
0.07 
1.53 
0 .60 
1.66 
1.66 
1.59 
2 .91 
Nalathion was detendned t i t r l a e t r i o a l l y . 
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Table VIII. Adsorptloo of Nalathloo (1.6 gl^) on Activated 
Charcoal In Vater containing Different Salts 
sa l t salt 
concentration 
(ms r^) 
500 
1000 
500 
1000 
500 
1000 
500 
1000 
500 
1000 
500 
1000 
500 
1000 
500 
1000 
500 
1000 
500 
1000 
100 
200 
100 
200 
175 
350 
Naltithion 
adsorbed 
m 
87 
85 
93 
94 
90 
68 
93 
91 
93 
91 
97 
95 
96 
96 
96 
92 
93 
92 
95 
9% 
93 
9% 
9k 
91 
93 
9* 
AlunlniuM chloride 
ADunonium dibydrogen-orthophosphate 
Anmionium nolybdate 
Calclun nitrate 
Copper sulfdiote 
Ferrous sulphate 
Lead nitrate 
Mercury nitrate 
Potassiuv iodide 
Protein (dextrin) 
Sodium bicarbonate 
Sodium carbonate 
SodiuB chloride 
(Table Vllt continued) 
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T 
sa l t sa l t 
ooQoentratl(m MalathIon ad sort)ed 
Sodiun flttoride 
Sodium n i tr i t e 
Sodiun 8ul{^ate 
Sodiun thlosulf^ate 
Strontiun chloride 
Thiourea 
Urea 
'^ino chloride 
900 
1000 
500 
1000 
250 
500 
250 
500 
500 
1000 
500 
1000 
500 
1000 
500 
1000 
9k 
90 
94 
96 
8k 
82 
98 
88 
95 
89 
95 
97 
9k 
93 
91 
85 
Malathion was detemined t l t r i n e t i l o a l l y . 
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Table Ix* K^ Values at Lower Coooentratioos of NalatliloD 
in Water 
Conoentratioo 
oalathlon 
im r*) 
350.0 
55.0 
3.5 
3.5 
3.5 
of 
•""•?"• 
Volune of solution 
used 
(ttl) 
20 
20 
20 
100 
250 
«d 
(ml 6**) 
2400 
TA 
TA 
TA 
TA 
TA • Total adsorption 
Malathion was deternined spootropbotonetrlcally. 
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Table X. K. Values of Malathlon after pt l trat lon through 
Charcoal 
Conoentratlon 
nalathioa 
(fflg l " * ) 
50 
50 
50 
50 
50 
of 
1 
Volune 
1 
of s o l u t i o n 
used 
(ad) 
10 
20 
30 
40 
50 
^ 
(ml g" ) 
180 
560 
1740 
2320 
TA 
TA « Total adsorption* 
Malathlon was deteralned speotrophotooittrloally, 
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Table XII• X-Ray Analysla Data of riyath 
2e 
21.2 4,20 18.0 
26.9 5 0 2 100.0 
28.4 ' 3.14 12.0 
36.9 2.44 15.0 
39.7 2.27 12.0 
42.8 2.11 6.0 
50.4 1.81 12.0 
68.4 1.37 9.0 
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4.4 PISCPSSION 
JLilce charcoal, aluadlna, aaaoroporous lon-Hixohanga resins 
and s i l i c a gal ara also oonmonly used adsorbents* Plyasb Is 
l'59«<'14l the cheapest and «08t unconventional adsorbent obtained 
from thuriMal power stations as a waste product* The actual 
cocaposltloD of tbe flyash depends on the variety of coal used 
and tbe degree of burning* The sanple used In these studies 
contained quartz predoalnently, alumina, l ines are overlapping 
with the l ines of s i l i c a and one l ine at 26 » 28*5 , Indicates 
tbe presence of oalolte* The *d' values of lime and carbon are 
not recorded* This data ahawa that I t Is a mixture of alumina, 
amorj^ous carbon, oa lc l t e , quartz, s i l i c a and a very small 
quantity of l l o e . 
14 Natural waters always contain some organic and Inorganic 
dissolved and suspended substances* These enter Into water with 
ataospherlo preolpltatlort and from s o i l s with which water coices In 
contact In under ground streans or In surface water bodies* 
Generally blcarbonates, carbonates, chlorides, i^osphates, 
sulphates of alkali and alkaline earth aeta ls , alumlnluni, copper. 
Iron, lead, nwroury, t in , thiourea, urea, zinc etc* are found 
In water* The allowed concentration («g l" ) of sone chemicals 
In drinking water Iss aluminium,0*5; chlorides,550*0; copper,0.1; 
fluorine,0*7; hexametaphosphate,3.5; Iron,0*3; lead,0 .1; 
Banganese,0*l; molybdenum,0*5; nitrates,10*0; aelenlum,0*001; 
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s l l¥er ,0 .05 ; stroiitiua,2,0; sulphates,500.0 and s lno,5 .0 ppn. 
Tha equilibrium with a l l the adsorbents used i s 
attained in 2 br* Gbarooal hat hlgb adsorption oapaoity for 
oalatbion ( l l 7 «IC g ' ) • This tmy be due to greater surface 
area of activated obarooal. Tbe following i s tbe sequence of 
the values of *l/n* for different adsorbents under study 
(Table VII) . 
S i l i ca gel G > Plyash (50-100 mesh) > Flyasb (100-200 
mesh) > Hsc-1 > AlusLna neutral T^  Charcoal. 
I t shows that tbe charcoal has tbe highest af f in i ty 
for malatbion oompared to other adsorbents. Si l ica gel G has 
tbe lowest adsorption oapaoity for nalatbion. Tbe following 
sequence of *lc' values supports tbe above conclusion. 
Charcoal > Flyash (100-200 mesh) 7 MSC-i > Alumina 
neutral > Flyash (50-100 menh) > S i l i ca gel G. 
The results recorded in Table VIII show that at high 
concentration of aalathion (1.6 g l" ) tbo percent adsorption 
froa d i s t i l l e d water and salty water i s very high. I t has a lso 
been noted that at ppsi level (tables Ix - X) aalathion can be 
adsorbed total ly froH synthetic water sanples containing 
chloride, iodic!*, solybdate, nitrate , phosphate, sulphate, 
thiooyanate and thiosulpbate. 
These results indicate the possible use of activated 
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obarooal In f i l t e r s for removing •lalathion from drinking water. 
Vith the ooncentration of nalatbion currently ooourrlng in water, 
there seens to he l i t t l e cause for anxiety. Bowever, the 
ooncentration of oialathion in water i s l ike ly to increase day 
by day duo to i t s increasing use in crop protection. Hence in 
future i t would beoooie necessary to devise setbods for i t s 
renoval • 
CBAFTKR t PiVfi 
EFFfcUT OF DIFFERENT SALT UtACHATES ON TUB MOVEMt^ 'T OF SOMfc 
BJOSPBOHPS AHt) CARBAMOYL GBQUP CONTAINING BIOCIDLS 
IN SOILS USING THIN LAYER CHRQMATOGRAmY 
5 .1 iHTaOPUCTlON 
The use of agroohealcale epeo la l ly biooldee has been 
an Itsportant factor In Increasing tbe food production. As 
stated before t h i s bas a l s o resul ted In considerable env iron-
mental p o l l u t i o n . Tbe b iooides reaob the s o i l e i t h e r as 
f a l l out from aer ia l spraying or dusts fron plants which l a t e r 
become incorporated i n t o tbe s o i l . Thus, u l t imately the s o l i 
becomes an environmental reservo ir for the biooide re s idues , 
from which they move i n t o the atowsphere, water or l i v i n g 
organisms through various physical and chemical ptienomenon. 
Of these adsorption and movement of b ioc ides in s o i l s am of 
paramount importance. The subject of biooide movement in s o i l 
36 35 
has been n i c e l y reviewed by Bai ley and Vhlte^^ and Upchuroh'^ . 
142 King and Mo Carty developed a ohromatogmpbic model to 
account for the movement of b iooides in s o i l columns. Intrc^uc-
37 t ion of s o i l th in layer obromstogrsphy has proved t o be a 
rapid, reproducible and inexpensive msthod for measuring the 
mobility of b ioc ides in s o i l s . U e l l i n i msasured the 
movement of some i s o t o p l c a l l y labe l l ed radioact ive herbic ides 
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with autoradiography. Bioassay technique using algae'' ' , 
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brown top grass^ and fungi * for dot«otion have been uaedl 
to study ttie aoveaent of berbloldas in so i l s* Several 
workers ' * ' bave studied biooide Bobility in s o i l influenced 
by various factors of eavironaient* Singb et al* used so i l 
tbln layer cbrooMatograpby for deteraining tbe siobility of 
certain neoatioides in so i l s* Tbere are several organophospborus 
and oarbaoate biocides wbiob have not been studied witb respeot 
to tbeir novement influenced by different leacbates store 
particularly in Indian so i l s* Tberefore, tbe present study 
deals witb tbe effect of different s a l t s , f e r t i l i z e r s (wbiob are 
common in so i l and are used for crop improveatent) and surfactant 
leacbates on the Movement of aldicarb, bavist ln, caibofurant 
DDVP, diassincm, diaecron, eicatin, fol i tbion, aali^tbion, 
metasystox* oxanyl, paretbion uetbyl and rogor in s i l t loam and 
sandy loan so i l s of Aligasb d i s t r i c t using s iaple obesdcal 
detectors* 
5.3 
5.2 EXPERIWEHyAL 
5*2*1 R»«g»ntB 
Acetone - LR grade, BDH Indio litd. 
AoHDonlutt acetate (Hi) - Lfi grade, BDH India Ltd, 
Ii-nowex-50 X 8 oatlon exchange reeia - BBH India Ltd, 
Hydroohlorlo acid • LB grade, BDB India Ltd* 
Hydrogen peroxide (305() • LB grade, BDH India Ltd. 
Methanol - GR grade, £.Merck India Ltd. 
Phoaphorio acid - LH grade, BBH India Ltd. 
PotassiuQi chloride - LR grade, BT)H India Ltd. 
Potassium hydroxide *• LR grade, BBH India Ltd. 
Sodium chloride •> LR grade, BDH India Ltd. 
Sodluia hydroxide • LR grade, BHH India Ltd. 
Sodium oxalate - LR grade, BDH India Ltd. 
Sulphuric acid - LR grade, BBH India Ltd. 
Bri l l iant green solution (0,5%) * Blaeolved 0*5 g br i l l iant green 
(fi.Merck Geraany) In 100 ml of acetone. 
Diphenylaalne solution «• BissolTSd 0.5 g of dlphenylanlne 
indicator In a Mixture of 100 • ! of sulphuric acid and 20 nl 
of d i s t i l l ed water and stored in a coloured bot t l e . 
Ferrous aaDoniua sulphate (O.S(}) * Dissolved 196 g of ferrous 
aaoDonluB sulphate (AR grade, BDH India Ltd.) in water. Added 
73 Ml of sulphaxlc acid and diluted to 1 1 . 
p-4(itrobenzenedlazoniuM tetrafluoroborate solution (0.1%) -
Dissolved 0.1 g p»nltrobenzenedlasoniuB tetrafluoroborate 
5»h 
(E.Ncrok G*rMiny) in 100 v l of m t h a a o l . 
Potassluv dloliroMat* (IN) * T)l•solved 49*0 g of potassium 
dlobroaats (LR grads, BDB India Ltd. ) in d i s t i l l e d water 
and a»de apto 1 ! • 
Aldioarb 
Bavis t in 
Carbofuran 
OxaoQrl 
2-Netbyl->2 (ns tby l th io ) propanio-
aldebyde-0*>(flwthyl oarbasu^l) oxiaoe 
Otber ad^uvasits 
Union Carbide India Ltd* 
Nethyl-2->beasaaidazole oarbasEite 
Otber adjuvants 
BASF India Ltd . , Booibay. 
2 ,3^ihydro-2 ,2»-d i iBethy l -7 -
benzofuranyl metbyl oarbaoiate 
Otber adjuvants 
a a l l i s India Ltd . , Boitbay. 
Mstbyl NHM*-dinetbyl-N-(Bietbyl 
oarbaMoyl) o x y - l * t b i o oxiniflddate 
so lvent and otber adjuvants 
Hopkins Agricultural Cbeaical Co . , 
OSA. 
10 per cent (w/w) 
90 per cent (w/w) 
50 per cent (w/w) 
50 per cent (w/w) 
3 per cent (w/w) 
97 per cent (w/w) 
24 per cent (w/w) 
76 per cent (w/w) 
D e t a i l s of HDVP, d ias inon , diBSoron^ ekat ln , f o l i t h i o n , 
•a la tb ion , paratbion Mtbyl and rogor as given in Cbapter ^'•. 
Preparation of Biocide Solut ions «• Biocide so lut ions containing 
10)( a c t i v e ingredient were prepared in oMtbanol except 
divecron and oxaoyl wbioh w^^ prepared in d i s t i l l e d water . 
5 . 2 . 2 Apparatus 
Cbenioal balance * Balance Works Pvt.Ltd., Varanasi. 
Conductivity iwter 503 • Systronics India Ltd. 
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Constant t«np«raturc batb - Tsspo India Ltd. 
gl«ctrlo ovtn • feapo India Ltd. 
Kleotrical t t irrar - R««i India Ltd* 
fcilioo p& netar iK»d«l LI - iO. 
Mortar with a rubbar oovartad paatla. 
Sieves - B r i t l ^ standard alavas. 
Stop watoh - Raoart Swiaa laada* 
TLC plataa Hitb applicator » Blue Line Thin Layer Chromato-
graphy Modal GLC 2, Gargya Raaearoh Instruoent, India. 
5 .2 .3 Prooedura 
5 .2 .> . l Collaotion of Soil saaplaai According to a well-known 
aatlom analysis oao be no better than the saiapla, though this i s 
more true tor col lect ion of so i l aanplaa. The general problem 
of so i l sampling has been sumsarized by the Association of 
Agricultural Chemists '^  aa followat 
*In view of the variabi l i ty of s o i l s i t seems immposslble 
to devise an entirely satisfactory method for aampling. 
It i s obvious that the detai l s of the procedure ahould be 
determined by the purpose for which the sampla ia taken*. 
During the col lect ion of aamplea hereunder described 
the importsnoe of taking rapraaantatlva composite samplea was 
kept in mind. The grass and other organic matter waa reRK)ved 
from the surface. The samples were col lected from the different 
areas of Aligarh d i s t r i c t at depths varying between O-30 cm. 
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5*2.3«2 P»t»r«ination of tbd PbyglO0'<;h»wlcal Pro ixr t to of 
S o i l S«Mpla« 
5*2.3*2*1 T>»tT«lo«tlon of rtH Th» pB ¥•» nooitlsd with 
Elloo pH m t e r aodel 1*1*10 wltb gla«« and oaloael elaotrode 
asaantily, A aoll-watar ( l t 5 ) auapanaloo was usad to dateradna 
tha pH of the aolla* ftta raaulta obtalnad Are raoordad In 
Tabla n i l . 
.144 5.2.3*2.2 Pataralnatton of Cation Eacbaoga Capacity (CEC) t 
f o 10 g of t o l l , 100 Ml of O.O N^ hydrocblorlo acid wae addad. 
Tha auapenalon was atlrrad oaeobanlcally for half en hour and 
tbon oentrlfuged. fbii ouparuataat was discarded and tbe aoll 
was again leaobad wltb 500 • ! cf 0.05N hydrochloric acid t i l l 
I t vae fraa of laacbabl* caloluffi* The t o l l waa next treated 
with neutral oalolun ohlorlda (IK) aoltttl<m and waa stirred 
well for half an hour and then oentrlfuged. Tbe prooeae of 
saturating the so i l with the cation waa repeated to ensure 
complete saturation ot so i l with oalclua. Tbe ezceaa of sa l t 
was re«o¥ed froa so i l imoe by washing with d i s t i l l e d water 
followed by waahlngs with acetone t i l l free of chloride. Tbe 
s o i l waa f inal ly leached with neutral awsmiluB acetate (iN) 
t i l l a l l the excbaogeabla oalclun was reaioired fro« the s o i l . 
The supemates were coal>lned and then f i l tered through 
Vhatnan 42. Calcluv In the f i l t ra te waa datermlned by flaae 
photometry. The • l l l l equlvalent cation exchange capacity (C£C) 
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per g of so i l v«f ooiq;>ut«(I «»s 
- i 1 C«* X 0*05 
CEC me g * of t o l l m .'• 't • ^ f 
—q fi w* •« ^ ^ .ample la g 
The reeulte obtained are given in Table XIII* 
5»2«3»2«3 Peterwlnation of Organic Matteri For determining 
the percentage of organic aatter rapid t i trat ion awthod of 
Walkley and Black ' wae uaed* In thia vetbod 2 g of a i r 
dried* oruahed and aieved aoila were digeated in a 500 al 
conical flask hy adding 10 tal of lit potaseiuat diobronate 
solution and 20 B1 of concentrated sulpburio acid* Mixture 
was shaked well for about 2 nln and allowed to stand on an 
asbestos sbeet for about 30 odn* 200 nl of d i s t i l l e d water, 
10 al of i^osj^oric acid and 1 ml of diphenylaaine indicator 
solution were added. • A deep v io le t colour appeared* I t was 
t i trated with 0*5N ferrous ansoniuM sulphate t i l l the v io l e t 
colour changed to purple and finalljr to green* A blank 
titraticm was carried out in the sasw way, Fro« the VOIUBM of 
ferrous aaaoniua sulphate solution required for reducing 10 «1 
potassiuB diohroaate solution adnus the volustt of ferrous 
asaioniUM sulphate required for reducing the excess of dichro-
auite, the percentage of organic aatter was calculated* The 
results obtained are recorded in Table XIII* 
5*2*3*2*% Peteralnatlon of SaBd»Silt and Clayt The sMchanioal 
analysis of soi l was carried out by International Pipette 
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Method ^ ^ , A 10 g taaple ««» w«lgh«d and placed in an 
avaporating dlab. Addad 10 • ] . of liydrogan paroxlda* fixture 
warmed upto 60 and atirred t i l l no further evolution of gases 
ooourred. The exoeas of hydrogen peroxide wat deoonpoaed by 
boiling for few nlnutee. After ooollng 10 al or aore of 
0«2N HCl was added t i l l the solution beooon aoldlo . I t was 
f i l tered and washed with warn water t i l l the washings showed 
no indication of acldlo nature, fhe precipitate was transferred 
to an evaporating, dish, iO B1 of d i s t i l l e d water and 50 al of 
sodlua oxalate solution (10 g 1 ) were added* The alxture was 
waroied and sbolcen by a high speed s t irrer for 15 ain» 150 al 
of d i s t i l l od water »ore then addod and the suspension washed 
thmugh 200 B.S« sieve using not aore than 150 al of d i s t i l l ed 
water* The suspension whloh passed through the sieve was 
transferred to a graduated boiling tuba and the voluise was aade 
upto 500 al with d i s t i l l e d vater* The residue on the sieve was 
dried and weighed* 
The graduated boiling tube was iaaersed in a o<nistant 
teaperature water bath at 25 i^  2 throughout the course of 
pipett ing. Saaples (10 a l ) were pipetted out oarefully at 
specified intervals (4 ain 8 sec, 46 aln and 6 hr 5k ain) froa 
a depth of 10 oa, dried and weighed. The aethod of saapllng 
i s iaportant, the pipette should be lowered into the suspension 
at a slow x«te in order to avoid disturbance {* 20 s e c ) . The 
percentages of s i l t and clay were then oaleulated froa the 
weights of residues. The results are given in Table XIII* 
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5»2*3»3 Soil Thin Layir CbroMttoi^raphlo Studl«>i Cltan glass 
platas (20 x 20 oa) w«r« oo«t«d wltb w«t«r slursy of the so i l 
(0.5 ttm thlotcnsss) by using a oossisrolttl t l o applicator. Tbe 
platss wsr« then a i r dried and tbs two Hoes at 3 on Q^d 13 cm 
from the bottoB of tbe plates were scribed aalntalnlng a standard 
developawnt distance of 10 on In a l l the plates* Tbe blocldes 
were spotted on tbe l ine 3 OB fron bottoa by using lambda pipette. 
A s tr ip of paper towel (2 oai wide) siolstened wltb d i s t i l l e d water 
was wrapped around tbe bottom of tbe p la tes . Tbe plates were 
a ir dried after developing by ascending ohrooiatograpby. Solutions 
of celclun sulphate* taagnesluio sulphate, sodium sulphate, sodluis 
carbonate, sodluis bicarbonate, potasslua chloride, atmaonlum nitrate 
and sodium nitrate (O.OIM and 0.05M), cetyl trlisethyl aumonlun 
bromide, sodlun dodecyl sulphate and enanoxol *0T* (0*5^ and 1.0%) 
were used as eluents (developers) In studies dealing with the 
effect of s a l t s , Inorganic f e r t i l i s e r s and surfactants on the 
BOveiMnt of blooldes. The sioblllty of blocldes was detected with 
the help of cbenlcal detectors^ KDVP, dlaslnon, dlnecron, ekatln, 
fol l tbloB, sMlathlon, paratblon aethyl and rogor were detected 
by spraying 0,5% br i l l i an t green In acetone while aldlcarb, 
bavlst ln, oarbofuran, aetasystox and oxaiyl by apraylng '5% 
oMtbanollo potassluai hydroxide followed by O.ljl p-nltrobenzene-
dlaxonlua tetrafluoroborate In •etbanol. Pale yellow spots 
on tbe dark green background Indicated tbe developnent of nT)VP, 
dlazlnon, dlaecron, ekatln, fol l tblon, aailatblon, paratblon 
•ethyl and rogor and v io l e t spots that of aldlcarb, bavlst ln. 
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oarbofuran, mitagystox wbll* an oraoga apot waa for»ed lor 
oxasyl. Saaulta ara raoordad In Tablaa XIV - XXIII* 
5.2.3*3*1 gffaot of tfl on tha MovaMont of Biooldaat To atudy 
the effact of pa, d lat i l lad watar with natural pa (7) and with 
pH adjuatad to % and 10 with 0*1M bydroohlorlc aold and O.IM 
BodluD hydroxide raapaotlvaly waa uaad aa eluant. Raaulta are 
recorded In Tablaa XVI * XVII. 
5.2.3*5*2 Effect of Alkaline. Saline and Mautral Salta on the 
Movement of Blocldeat Solutlona of oalolum aulphate, magneaiuffl 
sulpliate, sodium aul(4)ate, sodluia carbonate and eodluis bicarbonate 
(O.OIN and 0.05M) were used aa eluents in studiee dealing with 
the effect of sa l t s on the noveo^nt of biocldea in soi ls* Results 
are recorded in Tables XVIII * XIX* 
5.2*3*3*5 Effect of Inorganic Pertl l izera on the Moveaent of 
Blooldeai AsmioniuB nitrate , potassiua chloride and sodiun nitrate 
(O.OIM and 0.05M) solutions were used as eluents to study the 
effect of inorganic f e r t i l i z e r s on the •oveaent of biocldea. 
Besults are given in Tables XX ^ XXI. 
5.2.3*3*4 Effect of Surfaotanta on the Moveaent of Biocldeai 
In the atudies dealing with the effect of aurfactanta 0*3 aod 
1«0)( solutions of oetyltriaethyl amsoniuM broaide (catlonio), 
sodlua dodecyl sulphate (anionic) and aanoxol *0T* (non-ionic) 
were used aa eluenta. Besults are given in Tables XXII - XXIII. 
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Tb« aovcneot ot th« biooidcs «•« •xpr«s««d In teras 
of a^^*^, Up**® and «g**^ •«!««• «• 
f 10 2 
wt)«re 8|^  and B|^  d«not« tha t a l l l n s * and lateral troatB respeo> 
tiveljr 
Plgtanca aovd by bottoa of spot 
B Oistanoa travailed by eluant 
For higb dagrea of raproduolbility, the raeults were 
discussed on tbe basis ct U^ values, beoause SL. values ccmsldered 
as standardi are related to fi^ by tbe following expression 
B„ - Id Ij - 1 
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5*3 MKSOLTS 
fhe s o i l s used for tbsss studies are s i l t loam and 
sandy loam s o i l s of Allgarh d i s t r i c t and the iriayslco-cheislcal 
properties of s o i l s are given In Table XZII. 
Results obtained for various blooldes Indicating 
ta i l ings (Rg » 0) and lateral novenents when the so i l tlie plates 
were eluted (developed) with d i s t i l l e d water, d i s t i l l e d water 
adjusted to pil 4, fli 7 and pH 10, different concentrations of 
alkaline and saline s a l t s , fertlllasers and surfactant solutions 
were used as eluent (developer) are sutuiBarlzed In Tables xlV-xxtll 
On the basis of 8- , i^ and 8^ ^ values, the highest moveiaent was 
obsorvea for parathlon laethyl and lowest for rogor In both types 
of s o i l s . On the basis of R^^ values the Btovestent of blocldes 
follows the order parathlon methyl > isalathlon > ekatln > 
dlazlnon > dlraecron > DPVP > aldlcarb > bavlstln :^  carbofuran 
oxa^yl > metasystox > fol l thlon > rogor In s i l t loam soi l and 
parathlon methyl > malatblon > ekatln ^dlazlnon >.aldicarb > 
dlmecron > DDVP > bavlstln > carbofuran y oxamyl > metasystox > 
follthlon > rogor In sandy loam so i l (Tables xIV-XV). 
The results on the ef fect of change In pn on the 
movement of blooldes through the so i l are given In Tables XVI -
XVII* . The c«n*ral trend has been a decrease In R. and Rg 
values and Increase In R|, values with a decrease In pH (pH k) 
except for aldlcarb and ekatln while rogor remain unaffected 
In both the s o i l s . In the alkaline range (pB 10) the R^  and Rg 
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values of aldloarb, DDVP, diazinon, folitti ion and na lathi on 
Inoreasad while tL. values decreased in s i l t loam s o i l . In the 
sandy loam soi l generally R^  and lEL, values deoreased and JL. 
values increased for a l l the biocides except bavistin and T n^vP. 
In the s i l t loan s o i l , the eoveisent of bavist in, DT)VP, diaeinon, 
folithion and na lathi en was higher at jpf! lO than pil k. 
fbe results <»i the effect of sa l ine , alkaline and neutral 
sa l t s on the etove»«nt of biocides are given in Tables jnrill - xtX. 
When caloiun sulphate was used as eluent, the iioveaent of aldicurb, 
bavistin, oarbofuran, di^eoron and oxaiqyl was increased while that 
of the others deoi^ased in the s i l t loas s o i l . In the sandy loasi 
s o i l , the movement of aldicarb, oarbofuran, diazintm, ditaecron, 
oxanyl and rogor increased while that of others decreased. On 
increasing the concentration of oelciuin sulphate, the R^  and R„ 
values of aldicarb, bavist in, dimecron and caetasyetojc increased 
decreased 
while that of others^in the s i l t loan so i l but in the sandy loan 
s o i l , the R- and Rg values of aldicarb, bavist in, oarbofuran, 
diaieoron, fo l i thion and oxai^l increased while that of others 
decreased. In case of aagnesiua sul{Aate, the R. and l^ values 
of aldicarb, bavist in, oarbofuran, fol i thion and oxaoyl increased 
while that of others deoreased in s i l t loaai s o i l but in sandy 
loan s o i l , the R. and IL values of aldicarb, oarbofuran, diazinon, 
etcatin, oxasgrl and rogor increased while that of others decreased. 
On increasing the CGmcentration of Mgnesiun sul^^ate, R^  and Rg 
values of a l l the biocides deoreased except dinecron, netasyetox 
and oxaoyl In s i l t lo^a so i l and aldicarb, bavist in, oarbofuran, 
5.14 
dinecron, fol i ihloo and rogor in tht taQdy loaw soi l* In 
alkaline s a l t s , i . e . sodluM oarbonata and aodlua blcarbonata, 
Rf and Rg valuea ot a l l tha biooldea In both tbe aoila Increased 
exoapt oarboturan, diazlnon and oataayatox in tha s i l t loan soi l 
and diazlnon, oietasystox and paratbicna netbyl in the sandy loam 
soi l* On increasing tha concentration of sodiun carbonate and 
sodium bicarbonate in tha eluenta, R^ and i^ values of the 
biooides either decreased or reoained unaffected except in case 
of aldioarb, bavistln, oarbofuran and diazinmi in the s i l t loaai 
so i l and aldioarb, carbofuran and oxaoyl in the sandy loam s o i l . 
In sodium suli^ate, i . e . a neutral s a l t , the B^ and B^ values of 
aldioarb, DDVP, dieieoron end rogor increased while that of others 
either decreased or resiained unaffected in the s i l t loam soi l 
but in the sandy loam s o i l , the R. and B« values of aldioarb, 
diazlnon and rogor reaalned unaffected and those for bavist ln, 
oarbofuran, 1>T>VP, dimecron and metasystox increased while those 
of othera decreased. On increasing tbe conoentraticm of sodium 
sulphate in eluent, the R^  and R» values of aldioarb, bavist ln, 
oarbofuran, dimeoron, ekatin, metasystox and oxaayl increased 
while those of others deoreaaed in the s i l t loam so i l but in the 
sandy loan s o i l , the movement of a l l tbe biooides decreased 
except aldicarb, dimecron, folithion and rogor. 
The results on the effaut of different inorganic 
f e r t i l i z e r s such as ammonium nitrate, potassium chloride and 
sodium nitrate on the R ,^ B^  and R^  values of biooides through 
so i l are given in Tables XX - XXI. The R^  and i^ values of 
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aldioarb, bavlstln* DDVP» ekatln, ntilatblon and oxaiQrl Incraaaed 
while tboaa of raMiining blocidos daoraaaad In the a l l t loan 
s o i l using aoBoniuw nitrata as aluent but In the oasa of the 
sandy loam s o i l , nobil ity of a l l tba blooidas decreased except 
aldioarb, bavlstin, carbofuran, PDVP and folitbion* On increasing 
the concentration of aBosoniuB nitrate in tbe e lueot , R^  and Bg 
values of e l l tbe biocides generally decreased in both the s o i l s 
except aldicarb, carbofuran, dia«oron and naetasystox in tbe s i l t 
loam s o i l . Tbe fi^ and SL values of a l l the biocides increased 
and VL. values decreased in potassiusi chloride in tbe s i l t loan 
s o i l but a reverse trend was observed in tbe sandy loam so i l 
except aldioarb, bavistin and oarbofuran* On increasing the 
concentration of potassium chloride in eluent, the R. and R^  
values of a l l the biocides generally decreased except dimecron 
in both the s o i l s . In sodium nitrate the nobility of aldioarb, 
bavistin, oarbofuran, 1>DVF, dinecron, ekatin, fo l i tbion and 
oxamyl increased In both the s o i l s while that of others either 
decreased or remained unaffected. 
Tbe results on the effect of three surfaotanta v i z . 
cety l triuethyl aomicniiuB bromide (oationio), sodium dodecyl 
sulphate (anionic) and manoxol *0T* (non-ionic) on the R^  and 
Rg values of biocides in s o i l s mr* given in Tables xxl l •> XXIII. 
On the basis of R., iU and i^ values in the oationic surfactant 
eluent, the Rj» and R. values of T)1)?P, diaxinon, nslathion and 
rogor increased while those of others decreased in the s i l t loan 
s o i l . However, in tbe sandy loam s o i l , R^  and R^  values of a l l 
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the blooides e i ther decreased or remlcied uneffeoted except tor 
a s l ight increase in the case of nelathlon and rogor* In the 
anionic surfactant^ eluent, the a« and &» values of HDVP* diaslnon, 
dimecron, elcatiu, fo l i thion, inalatblcx) and rogor were Increased 
while those of others decreased in the s i l t lona so i l* In the 
sandy loan s o i l , R^  attd fi^ values of a l l the blooides decreased 
except carbofuran, elcatin, oalathion and rogor* In the non-ionic 
surfactant eluent, R. and B^ values of a l l the biocides decreased 
except aldicarb, bavistini oarbofuran, fol l thlon and rogor in 
both the so i l s* On increasing the ooncentititioa of eluent, 
R. end Rg values of a l l the biocides decreased while R^^ values 
increased except in case of aldicarb| bavlst in, carbofuran, 
dlmecron, ekatin, oxaiayl and rogor in catlcQic surfactant; 
aldicarb, bavistin, carbofuran and oxaayl in the anionic 
surfactant; and follthlon and rogor in the non-ionic surfactant 
in the s i l t loam soi l* In the sandy loan s o i l , a similar trend 
was observed in cationic surfactant eluent but in anionic 
surfactant, R. and R» values of a l l the biocides decreased with 
increasing concentration* 
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Table jp;il. Composition and Physloo-Cliealoal Propertiaa 
of Soi l s 
^ I ' '• i i 
Soil typa Machanioal oonpoaitlon f8 Oii;anio CEC in neq 
^ natter per 100 gai 
1 1 % 
Sand Silt Clay 
Silt loam 32.1 50.« i7*4 8*6 1*05 16.5 
Sandy loan 70*2 7*0 22.8 8.8 0*39 9*0 
5.18 
Table XXV* Moveaent of Different Blocldes In Silt Loam Soil 
using Distilled Vater as Bluent (Movenent Expressed 
as FB^, R^, Rg and Rj^  Values) 
Blooldes 
Aldloarb 
Bav l s t ln 
Carbofuran 
DDVP 
Dlazlnon 
DlDiecron 
Etcatln 
Fo l l th lon 
Malathlon 
Metasystox 
Oxansyl 
Parathlon aetbyl 
Sogor 
PR^ 
0.66 
0 .82 
0.84 
0 .88 
0.96 
0 .90 
0 .98 
0 .92 
0.95 
0 .80 
0 .62 
0 .99 
0.8% 
1 — • 
«f 
0 .76 
0 .70 
0 .70 
0 .79 
0.86 
0 .81 
0 .87 
0 .46 
0 .88 
0 .65 
0 .66 
0 .91 
0.%2 
1 
0 .66 
0 .57 
0 .55 
0 .69 
0 .75 
0 .72 
0.76 
0.00 
0 .80 
0 .50 
0 .50 
0 .82 
0 .00 
< 
8M 
- 0 . 5 0 
- 0 . 3 7 
- 0 . 3 7 
- 0 . 5 8 
- 0 . 7 9 
- 0 . 6 3 
- 0 . 8 3 
0.07 
-0 .87 
- 0 . 2 7 
- 0 . 2 9 
-1 .00 
0.14 
5-19 
T«bl« XV. Noirtawnt of Different Blooides in saady Loan Soil 
using Dis t i l l ed Water as £luent (Movement Expressed 
08 PR ,^ B ,^ Rg and U^ Values) 
Biooides 
Aldioarb 
Bavist in 
Carbofuran 
DDVP 
Diazinon 
Diioeoron 
Ekatin 
Fo l i th ion 
Malathion 
Metasystox 
Oxaayl 
Parathioo aethyl 
Rogor 
PR, 
0 .90 
0.66 
O.Si^  
0 .90 
0 .98 
0 .93 
1.00 
0 .98 
1.00 
0.76 
0.86 
1.00 
0 .90 
1 
«f 
0 .87 
0 .75 
0 .70 
0 .80 
0 .88 
0 .84 
0 .88 
0 .49 
0 .90 
0.67 
0 .69 
0 .92 
0.45 
0.84 
0.64 
0.55 
0.70 
0.76 
0.75 
0.75 
0 .00 
0 .80 
0 .57 
0 .52 
0 .84 
0.00 
1 
«M 
- 0 . 8 3 
- 0 . 4 8 
-0 .37 
- 0 . 6 0 
- 0 . 8 7 
-0 .72 
- 0 . 8 7 
0 .02 
-0 .95 
- 0 . 3 1 
-0 .35 
-1 .06 
0 .09 
5.20 
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Ta1>l« jnriTI. variation in fU^, B^, B^ and K^ , Values with Variation 
In tha Conoantration of Diffarent Salts as aluent In 
Silt Loan Soil (Hovansnt Bxpraaaad at FR|,, K^, H^ and 
B^ Values) 
Bioc ldes 
Aldioarb 
B a v i s t m 
Carbofuran 
T>DVP 
Y>iaKlnon 
PlHSOron 
Ekatin 
Po l i th ion 
Halathlon 
Matasystox 
Oxaayl 
Parathlon 
OMthyl 
t 
ra. 
0 .90 
0 .86 
0 .89 
0 .86 
0 .97 
0 .95 
0*92 
0 .88 
0.9% 
0 .73 
0 .73 
0 .93 
O.OIM 
»f 
0 .82 
0.72 
0.77 
0.73 
0.63 
0 .83 
0.81 
0.%4 
0.85 
0 .52 
0.71 
0.76 
• f • • 
(a> 
0 .73 
0*58 
0 .65 
0 .60 
0 .29 
0 .70 
0 .70 
0 .00 
0.76 
0 .30 
0 .69 
0 .58 
^ 
( 
m. 
0 . 0 ^ 
1 
«f 
Galolusi sulphate 
- 0 . 6 * 
-0.%1 
- 0 . 5 2 
- 0 . 6 9 
- 0 . 2 3 
- 0 . 6 9 
- 0 . 6 3 
0 .10 
- 0 . 7 5 
- 0 . 0 3 
- 0 . 3 9 
- 0 . 5 0 
0 .90 
0.88 
0 .80 
0 .88 
0 .79 
0.97 
0 .80 
0 .78 
0 .92 
0 .73 
0 .80 
0 .90 
0.84 
0 .79 
0 .74 
0 .71 
0 .60 
0 .85 
0 .70 
0 .39 
0.76 
0.5% 
0 .75 
0 .74 
h 
0.78 
0 .69 
0 .68 
0.54 
0.41 
0.73 
0 .60 
0 .00 
0 .60 
0.35 
0 .70 
0 .58 
«M 
- 0 . 7 2 
- 0 . 5 8 
- 0 . 4 5 
- 0 . 3 9 
- 0 . 1 8 
- 0 . 7 5 
- 0 . 3 7 
0 .19 
- 0 . 5 0 
- 0 . 0 7 
- 0 . 4 8 
- 0 . 4 5 
Rogor 0.80 0.40 0.00 0.18 0.78 0.39 0.00 0.19 
5.23 
(Table XVIXI oontinu«d) 
Blocides O.Olll 0.05M 
rS^ n^ H|l K*« V H^ S ^ H|| R|^ 
(b) Magccttuai eulphate 
A l d l o a r b 
Bavl s t i l l 
Carbofuran 
DDVP 
T^iazinoD 
niicecron 
fekatln 
P o l l t h i o n 
Ma l a t h i on 
N e t a s y s t o x 
Oxaoyl 
Fara th lon 
n e t h y l 
0 . 9 3 
0 . 8 9 
0 . 9 5 
0 . 9 7 
0 . 9 7 
0 . 9 3 
0 . 9 6 
0 . 9 8 
0 . 9 5 
0 . 6 1 
0 . 8 2 
0 . 9 2 
0 . 8 9 
0 . 8 0 
0 . 8 5 
0 . 7 7 
0 . 6 6 
0 . 7 5 
0 . 8 5 
0.%9 
0 . 8 6 
0 . 4 9 
0 . 6 9 
0 . 8 2 
0 . 8 4 
0 . 7 0 
0 . 7 4 
0 . 5 7 
0 . 3 5 
0 . 5 6 
0 . 7 4 
0 . 0 0 
0 . 7 7 
0 . 3 7 
0 . 5 5 
0 . 7 2 
- 0 . 9 1 
• 0 . 6 0 
- 0 . 7 5 
• 0 . 5 2 
• 0 . 2 9 
• 0 . 4 8 
- 0 . 7 5 
0 . 0 2 
- 0 . 7 9 
0 . 0 2 
•O..34 
• 0 . 6 6 
0 . 9 8 
0 . 8 3 
0 . 8 8 
0 . 6 4 
0 . 8 8 
0 . 9 6 
0 . 8 4 
0 . 6 0 
0 . 9 4 
0 . 6 4 
0 . 8 3 
0 . 8 5 
0 . 8 7 
0 . 7 4 
0 . 7 6 
0 . 7 3 
0 . 6 4 
0 . 8 6 
0 . 7 3 
0 . 4 0 
0 . 7 8 
0 . 5 2 
0 . 7 3 
0 . 7 6 
0 . 7 5 
0.<>l 
0 . 6 3 
0 . 6 2 
0 . 4 0 
0 . 7 6 
0 . 6 2 
0 . 0 0 
0 . 6 2 
0 . 4 0 
0 . 6 2 
0 . 6 6 
- 0 . 8 3 
- 0 . 4 5 
• 0 . 5 0 
• 0 . 4 3 
- 0 . 2 5 
• 0 . 7 9 
- 0 . 4 3 
0 . 1 8 
- 0 . 5 5 
• 0 . 0 3 
- 0 . 4 3 
• 0 . 5 0 
fiogor 0.83 0.42 0.00 0.14 0.80 0.40 0.00 0.18 
5.2* 
(Tabit XVIII oontloued) 
BlooidCs O.OIM 0.05H 
I i I ' i ' I 
FE^ R|, Eg R^ FU^ Ej 
(o) Sodiua ofirbonat* 
Aldloarb 
Bavtstln 
Carbofuran 
DBVP 
Dlttzlnoii 
Tilneoron 
Ekatln 
Polltbl<Ki 
Malatbion 
Matasystox 
Oxaoyl 
Parathion 
Mthyl 
0.96 
0 .89 
0 .79 
1-00 
0 .92 
1.00 
0.9% 
0.98 
1.00 
0.56 
0 .80 
0 .98 
0.87 
0 .82 
0.65 
0 .92 
0.78 
0.92 
0.91 
0.81 
0 .91 
0.%3 
0.70 
0 .91 
0 .78 
0 .72 
0 .50 
0.8% 
0 .64 
0 .85 
0 .88 
0 .63 
0 .62 
0 .30 
0 .60 
0 .84 
- 0 . 8 3 
-0 .66 
-0 .27 
» t .06 
-0*55 
-1 .06 
-1 .00 
- 0 . 6 3 
-1 .00 
0.12 
-0 .37 
- 1 . 0 0 
0 .99 
0 .91 
0 .91 
0 .97 
0 .92 
0 .98 
0 .95 
0 .92 
0 .93 
0 .48 
0 .85 
0 .96 
0 .91 
0.86 
0.81 
0 .89 
0 .80 
0 .89 
0 .89 
0.46 
0.84 
0 .43 
0 .69 
0.86 
0 .83 
0 .80 
0 .70 
0 .81 
0 .67 
0 .80 
O.S*^ 
0.00 
0.74 
0.37 
0.52 
0.76 
-1.00 
-0.77 
-0.63 
-0.91 
-0.60 
-0.91 
- 0 - Q 4 
0.07 
- 0 . 7 2 
0 .12 
- 0 . 3 4 
- 0 . 7 9 
Rogor 0.95 0.48 0 .00 0.03 0 .88 0.44 0 .00 0 .10 
5.25 
<T«bl« XVIII oontinu«il) 
Blooldvs O.OiM O.05N 
"••' '" I "•""I I * I I 
v B ^ K^ i t n M>. w K^ R ^ K 
'1 - f % ®M ^h h % ^ 
(d) Sodium Moarbonate 
Aldloarb 
BavistlQ 
Carbofuran 
!)BVP 
DlazinoD 
DiiBooroa 
Skatln 
Fo l l th ion 
Malathloa 
Hataayatox 
Oxaagrl 
Parathloa 
m t h y l 
0 ,91 
0 .90 
0 .04 
0 .97 
0.86 
1.00 
0 .95 
0 .98 
0.9% 
0 .58 
0 .82 
0 .97 
0,84 
0 .80 
0.71 
0.86 
0.75 
0.91 
0 .89 
0 .49 
0 .90 
0.45 
0 .70 
0.88 
0 .77 
0 ,70 
0 . 5 9 
0 .75 
0 .64 
0*^32 
0.83 
0 .00 
0.86 
0 ,31 
0 ,57 
0 , 7 9 
- 0 . 7 8 
- 0 . 6 0 
- 0 . 3 9 
- 0 . 7 9 
- 0 . 4 8 
-i.OO 
- 0 , 7 9 
0 .02 
- 0 . 0 5 
0 .09 
-0 .37 
- 0 . 8 7 
0.96 
0 .91 
0 .90 
0.94 
0,87 
1.00 
0 .94 
0 .68 
0 .92 
0.66 
0.86 
0 .88 
0 .88 
0 .80 
0 .79 
0.85 
0 .73 
0 .68 
0.85 
0.44 
0 .82 
0.44 
0 .72 
0 .61 
0 .79 
0 .68 
0 .67 
0.76 
0 .59 
0.76 
0.76 
0 .00 
0 .71 
0 .21 
0 .57 
0.74 
- 0 . 8 7 
- 0 . 6 0 
-0 .58 
- 0 . 7 5 
- 0 . 4 3 
- 0 . 8 7 
- 0 . 7 5 
0 .10 
- 0 . 6 6 
0 .10 
- 0 . 4 1 
- 0 . 6 3 
Rofor 0.90 0.45 O.CO 0.09 0.84 0.42 0.00 0.14 
5.26 
(Table XVIII oontinued) 
Blooldes O.OIN 0.05M 
wml^ *^# *Hl ^tf V H ^ JB^ M(| **M 
( • ) Sodlua sulphat« 
Aldloarb 
Bflvl s t i l l 
Carbofurao 
mvj^ 
Biazlnoii 
DiBeoron 
Elcatln 
Fol t th ion 
Malathion 
Mataayatox 
Oxa^rl 
Paratbion 
•athyl 
0.B9 
0 .80 
0 .82 
0 .94 
0 .80 
1.00 
0.85 
0 .83 
1.00 
0 .80 
0 .79 
0 .92 
0 .80 
0 .70 
0.68 
0.S2 
0 .70 
0 .90 
0.76 
0.%2 
0.88 
0 .55 
0.61 
0.86 
0 .71 
0 .60 
0 .53 
0 .70 
0 .60 
0 .79 
0.66 
o.co 
0.76 
0.25 
0.^3 
0*80 
*0«60 
-0 .37 
- 0 . 3 3 
-0 .66 
- 0 . 3 7 
- 0 . 9 5 
- 0 . 5 0 
0.1% 
-0 .S7 
- 0 . 0 3 
- 0 . 1 9 
- 0 . 7 9 
0 .90 
0 .88 
0.841 
0*92 
0 .90 
1.00 
0 ,90 
0 .7* 
0 .92 
0 .70 
0.85 
0 .92 
0.S3 
0.78 
0 .72 
0.76 
0 .68 
0.91 
0 .78 
0.37 
0.60 
0.56 
0.67 
0.78 
0 .75 
0 .68 
0 .59 
0 .60 
0.46 
0 .82 
0.66 
0 .00 
0 .67 
0 .42 
0 .49 
0 .64 
- 0 . 6 9 
-0 .55 
-0 .41 
-0 .50 
- 0 . 3 3 
-0 .66 
-0 .55 
0 .23 
- 0 . 6 0 
- 0 . 1 0 
- 0 . 3 1 
- 0 . 5 5 
Bogor 0 .88 0.4% 0 .00 0 .10 0 .82 0.41 0 .00 0.16 
5.27 
T»hl9 XIX* Variation In pa^, B^, B^ and B,, ?alua« with Variation 
In the Conoontratlon of Dlffaront Sal ts as clusnt In 
Sandy Loan Soil (MovaMent fixprassad as FB t^ B., B» 
and B.J Valuas) 
Blooldas O.OIM 0.05M 
FR. fi. 
""B "M FB^  B. h % 
(a) Galolua salpliata 
Aldloarb 
Bavls t ln 
Carbofuran 
nnvp 
Blaslnon 
T>la»oron 
Skatm 
Fol l th lon 
Maiathion 
Natasystox 
Oxa^rl 
Farathlon 
Msthyl 
0 ,92 
0.88 
0 .90 
0«88 
1.00 
1.00 
1.00 
0 .78 
0 .90 
0.85 
0 .73 
0.88 
0 .68 
0 .80 
0 .81 
0 .78 
0 .92 
0 .91 
0.96 
0 .39 
0 .75 
0 .60 
0 .71 
0 .80 
0 .84 
0 .70 
0 .72 
0 .68 
0 .83 
0 .82 
0 .91 
0 .00 
0 .60 
0 .35 
0 .69 
0 .72 
- 0 . 8 7 
- 0 . 6 0 
- 0 . 6 3 
-0 .55 
-1 .06 
- 1 . 0 0 
- 1 . 3 8 
0 .19 
-0.%8 
- 0 . 1 8 
- 0 . 3 9 
- 0 . 6 0 
1.00 
0 .90 
0.96 
0 .70 
1.00 
1.00 
0.96 
0 .80 
0 .88 
0 .63 
0 .80 
0 .93 
0.9% 
0.82 
0 .83 
0 .60 
0 .88 
0 .92 
0 .86 
0 .40 
0.7% 
0.45 
0 .75 
0 .68 
0 .88 
0 .73 
0 .70 
0 .50 
0 .75 
0.8% 
0.75 
0 .00 
0 .60 
0.27 
0 .70 
0.%3 
-1 .19 
-0 .66 
- 0 . 6 9 
- 0 . 1 8 
-0 .87 
-1 .06 
- 0 . 7 9 
0.18 
-0.%5 
0 .09 
-0.%8 
-0 .33 
Bogor 1.00 0.50 0.00 0.00 0.97 0.%9 0.00 0.02 
5*28 
(Tabl* XIX oontinutd) 
Bloo ldts O.OIM 0.05H 
i t ' ' i ' " I '" ' I 
' * f **f * B ®M ^®f *f *B *ll 
(b) Magn«»iuB sulphat* 
Aiaioarb 0 .91 0 .83 0.7% - 0 . 6 9 0*92 0.85 0 .77 -0*79 
Bavlst in 0.69 0*75 0*6% *0«48 0 .86 0*76 0.6S -O.50 
Carbofuran 0*85 0.76 0«67 "O«50 0 .88 0*78 0 .68 "0.55 
t»T)VP 1.00 0 .80 0 .59 - 0 . 6 0 0 ,75 0*63 0 . 5 l - 0 . 2 3 
niazinon i.OO 0*89 0 .76 -0*91 1*00 0*75 0*50 - 0 . 4 8 
DioeoroD 0.85 0.67 0 .48 -0 .31 0 .88 0.76 O.63 - 0 . 3 0 
£kaUn 1.00 0*92 0 .83 -1 .06 0*90 0*80 0 .69 - 0 . 6 0 
Fol l tb lon 0 .82 0.41 O.Oo 0«i6 O.83 0 .42 0.00 0 .18 
Malatblon 0 .94 O.81 0 .68 - 0 . 6 3 0 .90 0.76 0 .62 -O.3O 
Mttasystox O.75 0.57 0*39 -0*12 0 .39 0.47 0*33 0 .03 
Oxaiyl 0 .84 0 .72 0 .60 - 0 . 4 1 0*73 0.36 0*39 - 0 . 1 0 
ParathlOB 
Mtbyl 0 .94 0.86 0 .78 -0*79 0 .93 0 .68 0.41 -O.33 
fiogor 0 .92 0.46 0.00 0.07 0 .96 0 .48 0 .00 O.O3 
5.29 
(Tabl* XIX oontinutd) 
Blocidea O.OIH 0.0511 
i * ' ' I I ' " I ' " 
PRj a^ Rg 8,1 FBj n^ 
(o) SodiuB oarbonatt 
Aiaioarb 
Bavis t in 
Carbofuran 
unvp 
DiasinoD 
Dlmacron 
Skatin 
Fo l l tb ion 
Nalathlon 
Matasyatox 
Oxasijrl 
ParaihioB 
Hwtbyl 
0*96 
0 .92 
0.95 
1.00 
1.00 
0.90 
0 .99 
0.96 
0.96 
0.62 
0.87 
1.00 
0 .91 
0 .82 
0 .85 
0.8% 
0 .60 
0 .70 
0 .83 
0.%8 
0 . 8 9 
0.4iO 
0.77 
0 .92 
0.85 
0 .72 
0 .7* 
0 .68 
0 .60 
0 .50 
0 .67 
0 .00 
0 .81 
0 .18 
0 .67 
0.84 
- 1 . 0 0 
- 0 . 6 6 
- 0 . 7 5 
- 0 . 7 2 
- 0 . 6 0 
- 0 . 3 7 
- 0 . 6 9 
0 . 0 3 
• 0 . 9 1 
0 .18 
- 0 . 5 2 
-1 .06 
0 .91 
0 .91 
0 .89 
0 .99 
0 .93 
0.96 
0*9% 
1.00 
0.9% 
0.77 
0 .88 
0.8% 
0.82 
0 .72 
0.82 
0 .61 
0 .78 
0.86 
0.77 
0 .50 
0.85 
0.6% 
0.82 
0.60 
0 .72 
0 .52 
0.7% 
0 . 6 3 
0 .63 
0 .76 
0 .60 
0 .00 
0 .76 
0 .50 
0 .75 
0 .76 
-0 .66 
-0.4il 
-0 .66 
- 0 . 6 3 
-0 .55 
- 0 . 7 9 
-0 .52 
0.00 
-0 .75 
-0 .25 
-0 .66 
-0 .60 
Rogor 0.80 0.%0 0.00 0.18 0.79 0.%0 0.00 0.18 
5.30 
(fable XXX oonttnu«a) 
Biocides O.OIH 0«05M 
''^f *f "» *M ^h *f ^ **M 
(d) Sodiua bicarbonate 
Mdloarb 
B a v l s t l a 
Carbofuran 
DDVP 
Dlazlnon 
T>li&eoroQ 
fikatln 
FolltbloQ 
NalathloB 
Metaeyetox 
Oxaayl 
ParatbloB 
•e thy l 
1.00 
0 .90 
1.00 
0.96 
0.95 
1.00 
0 .93 
0 .92 
0.9% 
0.6% 
0.8% 
0 .98 
0 .90 
0 .80 
0.87 
0.81 
0.81 
0.93 
0.83 
0.%6 
0.83 
0.%9 
0.75 
0 .89 
0 .80 
0 .70 
0 .73 
0.66 
0.67 
0 .89 
0 .75 
0 .00 
0 .72 
0.3% 
0 .65 
0 .80 
• 0 . 9 5 
- 0 . 6 0 
- 0 . 8 3 
- 0 . 6 3 
- 0 . 6 3 
- 1 . 1 2 
- 0 . 6 9 
0.07 
- 0 . 6 9 
0 .02 
-0.%8 
- 0 . 9 1 
0 .90 
0.87 
0.90 
0.9% 
0.93 
1.00 
0 .97 
0 .92 
0.9% 
0.70 
0 .86 
0*9% 
0.83 
0 .78 
0 .79 
0.77 
0 .77 
0.88 
0 .78 
0.%6 
0.81 
0 .53 
0 .72 
0 .73 
0 .75 
0.68 
0.67 
0.60 
0.61 
0 . 7 6 
0 .59 
0 .00 
0 .67 
0.36 
0.57 
0 .52 
- 0 . 6 9 
- 0 . 5 5 
- 0 . 5 8 
- 0 . 1 8 
- 0 . 5 2 
-0 .87 
- 0 . 5 5 
0.07 
- 0 . 6 3 
- 0 . 0 5 
-0.%1 
-0.%3 
Rogor 0.88 0.%% 0.00 0*10 0.90 0.%5 O.Oo O.O9 
5.31 
(TabU ZlZ oootinu«d) 
Blooia«« O.Olli 0.05M 
FR^ a^ »g Hj, PR^ H^  Bg R^ 
(•) 8odiua sul|diate 
Aldiearb 
fiavifttio 
Carbofuran 
!>PVP 
Dlazlnon 
Di macron 
Ekatin 
f o l i t h i o n 
MalatbloD 
Mataayatox 
Oxaayl 
Faratbloa 
MthjrlL 
©•93 
0 .90 
0 .91 
0.96 
0 .98 
0 .97 
0 .90 
0 .84 
0 .95 
0 .83 
0 .82 
1.00 
0.87 
0.77 
0.80 
0 ,81 
0.88 
0.85 
0.80 
0.42 
0 .83 
0.74 
0,65 
0.88 
0 .80 
0 .64 
0 .69 
0 .66 
0 .78 
0 .72 
0 .70 
0 .00 
0#70 
0 ,64 
0 .49 
0 .75 
• 0 . 8 3 
• 0 . 5 2 
- 0 . 6 0 
- 0 . 6 3 
-0 .87 
- 0 . 7 5 
- 0 . 6 0 
0.14 
- 0 . 6 9 
- 0 . 4 5 
- 0 . 2 7 
-0 .87 
1.00 
0 .90 
0 .86 
0.96 
0 .98 
1.00 
0 .90 
0 .88 
0.96 
0 .76 
0 .82 
0 .82 
0 .92 
0.77 
0 .79 
0.76 
0 .83 
0 .88 
0 .69 
0.44 
0 .78 
0 .48 
0 .59 
0 .71 
0.84 
0 .64 
0.71 
0.56 
0.68 
0 .75 
0 .48 
0.00 
0,60 
0 .20 
0.35 
0 .60 
- 1 . 0 6 
- 0 . 5 2 
- 0 . 5 8 
- 0 , 5 0 
- 0 , 6 9 
- 0 . 8 7 
- 0 . 3 5 
0 .10 
- 0 . 5 5 
0 .03 
- 0 . 1 6 
- 0 . 3 9 
aogor 0.90 0.45 0.00 O.O9 0*92 0.46 0.00 O.07 
73/94^ 
5.32 
Tabl* XX* Variation in FR ,^ B^ > Bg and K^  Valuas with Variation 
in th« Concentration of Inorganio Fartil iaera at aluent 
in S i l t Loam Soi l (Movaiaent £xpre«atd at Ffi.» R^ » B^ and 
R^  Valuat) 
Biocidott O.OIM 
• • • • • " • " I ""' 
0.05M 
FR. R^  FR^  R. % hi 
(a) Aomoniun nitrate 
Aldioarl) 
Bav i s t in 
Carboturen 
nnvp 
Diasinon 
Diowcron 
Ekatin 
Fo l i th ion 
Malathion 
Metasystoz 
Oxaoyl 
Parathion 
•e thy l 
0 .90 
0 .85 
0 .84 
1.00 
0 .90 
0.86 
0 .95 
0 .92 
1.00 
0 .57 
0 .83 
0 .95 
0.84 
0.78 
0.66 
0.85 
0 .72 
0.7% 
0,89 
0 .81 
0.92 
0.48 
0.70 
0.87 
0 .77 
0 .70 
0 . 4 9 
0 . 7 0 
0 .54 
0 .65 
0 .83 
0 .70 
0 .84 
0 . 3 9 
0 .57 
0 .78 
- 0 . 7 2 
-0 .55 
- 0 . 2 9 
-0 .75 
- 0 . 4 1 
- 0 . 4 5 
-0 .91 
- 0 . 6 3 
-1 .06 
0 ,03 
-0 .37 
- 0 . 8 3 
0.97 
0 ,85 
0.87 
0 .88 
0 ,88 
0 .95 
0.97 
0 .93 
0.96 
0.57 
0.77 
0 ,88 
0 .91 
0 .78 
0 .70 
0 .81 
0 .68 
0 .84 
0 .88 
0 .77 
0 .87 
0 .49 
0 .65 
0 .82 
0 .85 
0.70 
0 .53 
0.74 
0.48 
0 .72 
0 .79 
0.60 
0.77 
0.41 
0.53 
0.75 
- 1 . 0 0 
-0 .55 
- 0 . 3 7 
- 0 . 6 3 
- 0 . 3 3 
- 0 . 7 2 
-0 .87 
- 0 . 5 2 
- 0 . 8 3 
0.07 
- 0 . 2 7 
-0 .66 
Rogor 0.80 0.40 0.00 0.18 0.71 0.36 0.00 0.25 
5.33 
(Tabl* XX continued) 
BioGid«s O.OIM 0,05M 
FRj «f «B *S| ''^ f *f *B °M 
(b) Potatalua ohlorid* 
Aldioarb 
Bavistlo 
Carbofuran 
I>DVP 
Plazinon 
ninaoron 
Ekatln 
Folithloo 
Malatblon 
Matasystox 
Ozaayl 
Parathion 
awthyl 
0.89 
0.87 
0.87 
1.00 
1.00 
0.84 
1.00 
1.00 
1.00 
0.88 
0.81 
1.00 
0.82 
0.79 
0.76 
0.96 
0.95 
0,66 
0.94 
0.96 
0.93 
0.77 
0.70 
0.94 
0.75 
0.70 
0.64 
0.91 
0.90 
0.49 
0.88 
0.92 
0.86 
0.66 
0.60 
0.88 
*0.66 
-0.58 
-0.50 
-1.38 
-1.28 
-0.29 
-1.19 
-1.38 
-1.12 
-0.52 
-0.37 
-0.87 
0.87 
0.94 
0.84 
0.96 
0.98 
0.86 
0.98 
0.92 
1.00 
0.57 
0.80 
1.00 
0.78 
0.79 
0.71 
0.86 
0.92 
0.77 
0.92 
0.86 
0.90 
0.47 
0.61 
0.93 
0.70 
0.65 
0.58 
0.75 
0.86 
0.67 
0.85 
0.80 
0.80 
0.36 
0.41 
0.86 
-0.55 
-0.58 
-0.39 
-0.79 
-1.06 
-0.52 
-1.06 
-0.79 
-0.95 
0.05 
-0.19 
-1.12 
Hogor 0.92 0.74 0.55 -0.45 0.86 0.43 0.00 0.12 
5.3* 
(T«bl« XX oontlnutd) 
Biooides O.OIN 0.05N 
i ' i f '•' "i I 
PRj Bj % ^ ^'^f ^f % "M 
(o) SodiuB nitrate 
Aldioarb 
Bavistln 
Carbofuran 
OI>VP 
niazinon 
Dtmecrcm 
Ekattn 
Fo l l tb lon 
Nalatbion 
Nataaystox 
OxaiQrl 
ParathioD 
»etbyl 
0 ,93 
0 .91 
0,95 
0.97 
0 .98 
1.00 
1.00 
0.9% 
0.88 
0.56 
0.84 
0 .88 
0 .85 
0 .79 
0 .80 
0 .89 
0.86 
0 .94 
0 .94 
0 .47 
0.75 
0.47 
0 .71 
0 .78 
0.76 
0 .67 
0.65 
0 .81 
0 .73 
0.87 
0.88 
0 .00 
0 .62 
0 .38 
0 .57 
0 .68 
-0 .75 
- 0 . 5 8 
-0 .60 
-0 .91 
• 0 . 7 9 
-1 .19 
- 1 . 1 9 
0.05 
-0 .48 
0 .05 
- 0 . 3 9 
-0 .55 
0 .94 
0 .92 
0 .87 
0.97 
0 .82 
1.00 
0 . % 
0 .79 
0 .90 
0 .43 
0 .84 
0 .90 
0.91 
0 .82 
0 .80 
0 .85 
0 .72 
0 .89 
0*91 
0.40 
0.85 
0.35 
0.71 
0.82 
0 .87 
0 .78 
0 .72 
0 .72 
0 . 6 l 
0 .78 
0 .86 
0 .00 
0 .80 
0.26 
0 .57 
0.74 
- 1 . 0 0 
-0 .66 
- 0 . 6 0 
- 0 . 7 5 
- 0 . 4 1 
- 0 . 9 1 
-1 .00 
0 .18 
- 0 . 7 5 
0.27 
- 0 . 3 9 
-0 .66 
Rogor 0.77 0.39 0.00 0.19 O.7O 0.35 0.00 0.27 
5.35 
Table XXf. Variation io PM t^ R t^ ^ •»<] B^ Valuaa with Variation 
in tha Conoantration of Inors*nio Farti l izars at aluent 
in sandy Loss Soil (llovtment Exprtfia^d at F B ^ R ^ R 
and !L. Valaaa) 
Biocidee O.OIN 
• I""*'" 
0.05M 
PR. B. SR % PH. R. % R, M 
(a) AMBoniuB nit rata 
Aldicsrb 
Bavis t in 
Carbofuran 
PDVP 
T)iazinon 
r>inworon 
Ekatin 
Po l l th ion 
Malatbion 
Me ta ay at ox 
Oxaayl 
Paratbion 
netfayl 
1.00 
0.87 
0.96 
0 .93 
1.00 
0.97 
0.9% 
0.9% 
0.93 
0 .59 
0.86 
0.95 
0 .90 
0 .79 
o.ai 
0.81 
0.88 
0 .83 
0*86 
0 .79 
0.8% 
0 ,51 
0.66 
0.87 
0 .80 
0 .70 
0.66 
0 .69 
0.76 
0 .70 
0 .78 
0.64 
0.7% 
0.%% 
0.%6 
0.79 
-^ .95 
- 0 . 5 8 
- 0 . 6 3 
- 0 . 6 3 
-0 .87 
- 0 . 6 9 
- 0 . 7 9 
- 0 . 5 8 
- 0 . 7 2 
- 0 . 0 2 
- 0 . 2 9 
- 0 . 8 3 
0.9% 
0.85 
0 .77 
0 .88 
0.9% 
0.86 
0 .95 
0 .90 
0.87 
0.56 
0*52 
0 .88 
0 .85 
0 .63 
0.66 
0 .71 
0.76 
0 .71 
0 .83 
0.67 
0.81 
0.%8 
0.%6 
0 .80 
0 .75 
0.%0 
0.55 
0.5% 
0.58 
0 .56 
0 .71 
0.%% 
0 .75 
0 .39 
0.%0 
0 .72 
-0 .75 
- 0 . 2 3 
- 0 . 2 9 
- 0 . 3 9 
-0 .50 
- 0 . 3 9 
- 0 . 6 9 
-0 .31 
- 0 . 6 3 
0 .03 
0.07 
-0 .60 
Rogor 0.86 0.%3 0.00 0.12 0.81 0.%0 0.00 0.18 
5.36 
(Table XXI ooDtlQutd) 
Blool<!«0 O.OIM 0.05M 
\ 1 1 1 1 
PBj R^ Rg a^ j P»j Rjp fig ^ j 
(b) PotasvluB chloride 
Aldioarb 0*96 0 .89 0 .61 *0.91 0 .82 0 .73 O.63 - 0 . 4 3 
B a v l s t l o 0 .99 O.Se 0 .68 -O.de O.83 0 .78 0.72 -O.53 
Carbofuran 0.96 0 .81 0.66 •O.d) 0 .91 0 .79 0.66 - 0 . 5 8 
unVP 0.9% 0.76 0.57 - 0 . 5 0 0 .89 0 .75 O.56 -O.43 
Plazlnon O.85 0*66 0 .50 -O.33 O.S7 0 .73 0 .59 -O.43 
Dlmacroti 0.91 0 .81 0 .70 - 0 . 6 3 O.Sid 0 .68 O.51 - 0 . 3 3 
Bkatln 0*92 O.Si 0.59 -O.63 0.87 0.75 0.63 -0.48 
PollthloQ 0.8% 0.%2 O.Oo 0.1% 0.82 0.%1 0.00 0.16 
Malathlon 0.95 0.80 0.6% -0.60 0.89 0.82 0.75 -0.66 
Natatyatoz 0.53 0.%1 0.28 O.I6 0.58 0.%1 0.2% 0.16 
Oza^yl 0 .72 0 .60 0.%2 - 0 . 1 8 0 .65 0.%2 O.19 0.1% 
ParathloD 
Mtby l 0.9% 0.86 0.78 - 0 . 7 9 0 .90 0 .81 0.72 -O.63 
Bogor 0.8% 0.%2 0.00 0.1% 0.86 0.%3 0.00 0 .12 
5.37 
(Table XXI Qoiittau«4) 
Blocldea O.OlK 0*05» 
PB^ Rj Bg ^ FBj ^f ^ % 
(o) SodluD n i t r a t e 
Aldloarl) 
Bavls t ln 
Carbofuran 
BBVP 
T>lazlnon 
nisieoron 
Ekatin 
Fol lthloD 
MalathloQ 
Mataayatox 
Oxaayl 
Farathion 
nethyl 
1.00 
0 .98 
0.96 
0.86 
0 .9* 
0 .95 
1.00 
1.00 
1.00 
0.66 
0.8% 
1.00 
0.92 
0 .90 
0.87 
0 .72 
0 .81 
0 .87 
0 .92 
0 .82 
0 .90 
0.56 
0 .71 
0 .90 
0 .83 
0 .82 
0.77 
0 .58 
0 .68 
0 .78 
0 .83 
0.64 
0.80 
0.46 
0.57 
0 .79 
-1»06 
- 0 . 9 5 
• 0 . 8 3 
*0.%l 
- 0 . 6 3 
^.8y 
-1 .06 
-0 .66 
- 0 . 9 5 
- 0 . 1 0 
- 0 . 3 9 
- 0 . 9 5 
0.97 
0.97 
1.00 
0 .96 
0 .99 
1.00 
0 .99 
0.96 
0 .99 
0 .82 
0.87 
0 .98 
0.92 
0.83 
0.91 
0.36 
0.87 
0 .89 
0 .89 
0 .81 
0 .88 
0.71 
0 .70 
0 .85 
0 .83 
0 .68 
0 .81 
0 .75 
0 .75 
0 . 7 9 
0 . 7 9 
0.66 
0.76 
0 .60 
0 .53 
0 .71 
-1 .06 
- 0 . 6 9 
- 1 . 0 0 
- 0 . 7 9 
- 0 . 8 3 
- 0 . 9 1 
- 0 . 9 1 
- 0 . 6 3 
- 0 . 8 7 
- 0 . 3 9 
-0 .37 
- 0 . 7 5 
Bogor 0 .90 0.45 0 .00 O.O9 0 .82 0.41 0 .00 0.16 
5.38 
fabl* jDtll* Veriatloo In FS^, R ,^ B^ and il|, Valu«a witb Variation 
in tha Conoentratlon of C«tionio, Anlcmio and Mon-Ionio 
Surfaotanta aa Eluent in S i l t Loan Soil (Movament 
Bxpraaaad aa FR ,^ R^ » Rg ami R|| Taluag) 
Biocides 0.5JJ 
FR, 8f 
1*0% 
*M ^^ t h h %f 
(a) Cetyl trimatbyl amtDonium bromide 
Aldlcarb 
Bavis t in 
Carbofuran 
I)T)VP 
Biazinon 
T>iBiecron 
Ekatin 
Fo l i th lon 
Malathion 
Hetaayatox 
Oxa«yl 
Faratblon 
aatbyl 
0.84 
0.81 
0.75 
1.00 
1.00 
0.90 
0.90 
0.87 
i.OO 
0.66 
0.71 
0.96 
0 .73 
0 .68 
0 .54 
0 .90 
0 .89 
0 .78 
0 .75 
0.%4 
0 .93 
0 .52 
0 .52 
0 .88 
0.61 
0 .55 
0.33 
0 .80 
0.77 
0.66 
0 .60 
0 .00 
0.85 
0 .38 
0.32 
0 .80 
-0 .43 
- 0 . 3 3 
- 0 . 0 7 
-0 .95 
- 0 . 9 1 
-0 .55 
- 0 . 4 8 
0 .10 
- 1 . 1 2 
- 0 . 0 3 
- 0 . 0 3 
-0 .87 
0 .91 
0 .90 
0 .81 
0.96 
0.97 
0 .98 
0 .95 
0 .86 
1.00 
0 .71 
0 .72 
0 .98 
0.85 
0.76 
0.66 
0.87 
0 .81 
0.87 
0.86 
0 .43 
0 .92 
0.46 
0*56 
0 .81 
0.74 
0 .61 
0 .50 
0 .78 
0.66 
0 .75 
0 .77 
0 . 0 0 
0 . 8 9 
0 .21 
0 .40 
0 .63 
- 0 . 6 9 
-0 .50 
-0 .29 
-0 .83 
- 0 . 6 3 
•0 .83 
- 0 . 7 9 
0.12 
-1 .06 
0.07 
-0 .10 
-0 .63 
Rogor 0.88 0.44 0.00 0.10 0.92 0.46 0.00 0.07 
5.39 
(TabU XXII ooat inu«d) 
B ioo tde t 0,3% 1 . 
i ' I ' i '" t ' I 
PRj ^f % % ^^f ^t % ^ 
(b) sodlutt dodecyl ttuli^ate 
Ald lca rb 0 .81 0 .66 0 ,55 <*0.33 0 .82 0 .75 0 .67 - ^ . 4 8 
B a v l s t i o 0 .81 0 .66 0 .50 - 0 . 2 9 0*93 0 .79 0 .65 -0 .58 
Carbofuran 0 .81 0 .68 0 .55 - 0 . 3 3 0 .96 0 .85 0 .73 -0 .75 
T^ nVP 1.00 0 .92 0 .84 -1 .06 0 .93 0 .84 0 .74 -0 .72 
DiazlnoD 1.00 O.89 0 .78 - 0 . 9 1 0.92 0 .82 0 .72 -0 .66 
nio^oron 0 .98 0 .83 0 .68 - 0 . 6 9 0 .78 0 .72 0 .66 -0 .41 
£lcatln 0.96 0 .89 0 .82 - 0 . 9 1 0 .87 0 .79 0 .70 - 0 . 5 8 
P o l l t b l o n 0.96 0 ,48 0.00 O.O3 0 .92 0.46 0 .00 O.O7 
Malathlon 1.00 0 ,91 0 .82 -1 .00 1.00 0 ,90 0 .80 -0 .95 
N«taayatox 0 .72 0.66 0.60 -0 .29 O.6O 0 , 4 3 0 .25 0 .12 
Oxa^yl 0 .77 0.64 0.50 - 0 . 1 9 O.81 0 .68 0.55 -O.33 
Para th ion 
n t t h y l 0.96 0 .87 0 .78 - 0 , 8 3 0.94 0.64 0 .74 -0 .72 
Rogor 0.96 0 .48 0 .00 O.O3 0.66 0 .43 0.00 0.12 
(Tsble XXII continued) 
5.40 
Blocldes 
PR, 
0.5% 
a^  % ®M FR. 
1 . 0 % 
"' "T" 
B. h %i 
Aldlloart} 
Bavis t ln . 
Carbofuran 
PPVP 
Olazinon 
Dimeoron 
Elcatln 
Fol l th lon 
MaUthloo 
Mataayatox 
Oxaayl 
Farathlon 
laettiyl 
Rogor 
<«) Manoxol 'OT * 
0.91 0 ,83 0.741 *0.69 0 .80 0«72 
0.85 0.73 0 .60 • 0 . 4 3 0 .76 0 . 6 i 
0 .68 0 .72 0 .55 -0.%1 0 .69 0.56 
0 .95 0 .78 0 .61 •^•35 0 .86 0 .63 
0 .95 0.85 0.7% - 0 . 7 5 0.96 0 .79 
0 .90 0 .81 0 .72 -©.es 0 .83 0.77 
0 .98 0.87 0.76 - 0 . 8 3 0 .91 0#79 
0.841 0.68 0 .52 -0*33 0 .91 0.S3 
0 .90 0 .79 0 .68 - 0 . 5 8 0.9% 0.85 
0 .73 0 .62 0 .51 - 0 . 2 1 0 .59 0*56 
0 .80 0 .63 0.%5 - 0 . 2 3 0 .69 0.57 
0 .63 -0.%1 
0.%5 *0.19 
o,ky -0.10 
0.40 -0.23 
0.62 -0.58 
0.71 -0.52 
0.67 -0.58 
0.75 -0.69 
0.76 -0.75 
0.52 -0.10 
0.44 -0.12 
0.95 0.81 0.67 -0.63 0.92 0.79 0.66 -0.58 
0.89 0.62 0.34 -0.21 0.80 0.71 0.62 -0.39 
5.%1 
TaMe XXIII. Variation in FR ,^ R^ » fig and K^ Values with Variation 
ID tha Conoaatratiwi of Cationio, Anionic and Non-Ionlo 
Surfaotants as Bluant in Sandy Loam Soil (Movenont 
Sxpr»8s«(f as FK t^ R ,^ S^ and R^^ Valuas) 
Biooldes 
Aldioarb 
Bavi s t in 
Carbofuran 
DDVP 
Diazinon 
Dlmeoron 
Ekatin 
F o l i t b i o n 
Malathion 
Natasystox 
Ozaayl 
Parathion 
natbyl 
t 
FR, 
0.9% 
0.83 
0 .98 
0.87 
0.98 
0.84 
0.93 
0 .98 
1.00 
0.68 
0.80 
1.00 
0 . 
"»"•""•"" ' • 
"f 
5Jt 
k 
BQ 
i 
f 
»M 
(a) Cetyl triieetbyl 
0 .73 
0 . 6 9 
0 .82 
0 .76 
0 .88 
0 .7* 
0 .76 
0.%9 
0 .91 
0 . 5 9 
0 .60 
0 .91 
0.61 
0.55 
0.65 
0.6% 
0.78 
0.63 
0.58 
0.00 
0 .82 
0 .50 
0 .39 
0 .82 
- 0 . 4 3 
- 0 . 3 5 
- 0 . 6 6 
- 0 . 5 0 
- 0 . 8 7 
- 0 . 4 5 
- 0 . 5 0 
0 .02 
- 1 . 0 0 
-0 .16 
- 0 . 1 8 
- 1 . 0 0 
N , „ ,, .,_,. J 
FRj 
aaaaoni 
0.91 
0 .81 
0 .95 
0 .88 
0 .90 
1.00 
0 .88 
0 .78 
1.00 
0 . 6 i 
0.86 
0 .80 
1. 
r'""""""""""" 
*t 
0% 
,| 
h 
urn broBiida 
0 .83 
0 .70 
0.84 
0.74 
0 .79 
0 .89 
0 .74 
0 .39 
0 .93 
0.56 
0 .75 
0.74 
0.74 
0 .58 
0 .72 
0 .60 
0 .68 
0.78 
0 .60 
0 .00 
0 .85 
0.47 
0 .63 
0 .68 
®M 
- 0 . 6 9 
-0 .37 
-0 .72 
-0 .45 
- 0 . 5 8 
-0 .91 
-0 .45 
0 .19 
-1 .12 
- 0 . 1 0 
-0 .48 
-0 .45 
Rogor 0.98 0.49 0.00 0.02 0.42 0.21 0.00 0.58 
5.*2 
(Table XXllt oontlnu«il) 
"••"•' r ' ' I • f" """ " •"' I ' ' " I 
FR, »f «B «M ^^t h % 
(b> Sod lull dod«oyl dulfdiate 
Aldlcarb 
Bavi st i l l 
Carbofuran 
PPVP 
niez lnon 
nioueoron 
bkatlD 
Fo l l th loo 
MalathloD 
Mataayatox 
Oxaa^l 
l>arathloii 
• e thy l 
0 .92 
0 .91 
0.86 
0 .90 
1.00 
0.94 
1.00 
0 .95 
1.00 
0 .75 
0 .85 
1.00 
0.86 
6.73 
0.76 
Oi75 
0.85 
0.84 
0.96 
0 .48 
0 .91 
0.66 
0 .68 
0 .89 
0 .79 
0 .55 
0 .65 
0 .60 
0 .70 
0.7% 
0.91 
0.00 
0 .82 
0.56 
0 .50 
0 .78 
- 0 . 7 9 
- 0 . 4 3 
- 0 . 5 0 
- 0 , 4 8 
- 0 . 7 5 
- 0 . 7 2 
- 1 . 3 8 
0 .03 
-1 .00 
- 0 . 2 9 
- 0 . 3 3 
- 0 . 9 1 
0 .83 
0 .83 
0 .81 
0 .80 
0 .95 
0 .87 
0 .99 
0.83 
1.00 
0 .71 
0 .80 
0 .94 
0 .74 
0 .71 
0 .73 
0 .70 
0 .83 
0 .73 
0 .91 
0 .41 
0 .89 
0.61 
0 .69 
0 .83 
0.65 
0 .59 
0.65 
0 .59 
0.71 
0 .59 
0.82 
0 .00 
0.78 
0.51 
0 .50 
0.72 
- 0 . 4 5 
- 0 . 3 9 
- 0 . 4 3 
- 0 . 3 7 
- 0 . 6 9 
- 0 . 4 3 
- 1 . 0 0 
0 .16 
- 0 . 9 1 
- 0 . 1 9 
- 0 . 3 5 
- 0 . 6 9 
Rogor 0.97 0.49 0.00 0.02 0.85 0.43 0.00 0.12 
5.*3 
(Tat>l« xr i l l contlnu«d) 
Biocides 0.9)1 1«09( 
i I I ' ' ' """ » 1 — 
FR, R, RB »M ^h h «B % 
(o) Nacoxol *0T* 
Aldtoarb 
Davlstln 
Carbofuran 
PDVP 
Diazlnon 
T)liDGoron 
filcatlo 
Fo l l th lon 
Malathion 
Metasystox 
Oxanyl 
Paratbloo 
methyl 
0 .96 
0 .98 
0*96 
0 .97 
1.00 
0 .95 
0 .99 
0 .94 
0 .92 
0.%9 
0 .83 
1.00 
0.87 
0.82 
0.87 
0 .79 
0.90 
0.77 
0.88 
0 .79 
0 .81 
0.36 
0.67 
0.80 
0 .78 
0.66 
0 .78 
0 .60 
0 .80 
0 .58 
0.77 
0 .63 
0 . 6 9 
0 .22 
0 .50 
0 . 5 9 
- 0 . 8 3 
- 0 . 6 6 
- 0 . 8 3 
- 0 . 5 8 
- 0 . 9 5 
- 0 . 5 2 
-0 .87 
- 0 . 5 8 
- 0 . 6 3 
0.29 
- 0 . 3 1 
- 0 . 6 0 
0 .81 
0.86 
0 .93 
0 .88 
0.96 
0 .85 
1.00 
1.00 
0 .88 
0 .71 
0 .80 
0 .94 
0 .73 
0 .73 
0 .86 
0 .80 
0 .83 
0 .71 
0 .73 
0 .82 
0.76 
0 . 6 l 
0 .62 
0 .82 
0.64 
0.60 
0.78 
0.72 
0 .69 
0 .57 
0.86 
0.64 
0.64 
0 .50 
0.44 
0 .69 
- 0 . 4 3 
- 0 . 4 3 
- 0 . 7 9 
- 0 . 6 0 
- 0 . 6 9 
- 0 . 3 9 
- 1 . 1 2 
- 0 . 6 6 
- 0 . 5 0 
- 0 . 1 9 
- 0 . 2 1 
- 0 . 6 6 
Hogor 0 .% 0.65 0»34 -0.27 0.88 0.73 0.57 -0 .43 
5*44 
5.% PI8CPSSI0K 
¥h« liigbcr UM valuftt and lowftr EL^  valuta ahow higher 
i^vaffleot of hiooldaa and when B« • 0 hlooide ahowa ta l l lnga . 
Exa ulna t ion of Table a HV • IV ahova that whan d I a i l l ied 
water wae uaed aa eluent (developer) poorer noveDont wae ohaerved 
In the a i l t loam aoll than In the aandy loam aoll heoauae a l l t 
load aoll was rloh In organlo nattar, olay content and had higher 
aatlon exchange capacity {Table X l t l ) . ftogor ahowed mlnisouBi 
Gsovenent while parathlon sietby-l ahowed iBsaxiffiUBi ffiovenient in both 
the fioils* The dlfferencea are probably due to the dlfferenoea 
in the chemical atruoture of blocidea* 
With eluente (developera) of different pil valuea, the 
change in tmjvesient wag due to differences in the adsorptive 
nature of the biocidea. Higher adaorptlon reaulta in lower 
mobility of biocidea with acid and alkaline eluente than with 
neutral eluenta* These reaulta are in agraeisent with ttie wortE 
Of Hance "^  , Harrla and Singh at a l , ^ 
The five aalta atudled broadly f a l l into two categorlees 
one with wealc base anions l * e . aulphatea and other with strong 
base anlona l«e . carbonatea and bicarbonatea* The average 
tnaxlDMia noveagent of different biocidea can thua be put into the 
following order. 
Aldlcarb t Na^CO. > NaHCO. > MgSO^  > CaSO^ > Ma^ SOj^  In 
both the s e l l a . 
5.4i5 
Bavlstlo I 
Carbofuran t 
irovp 
niazlnon s 
EkatlD 
NagCO. > HaHCO. > mso^ > CaSO^ > Na^SO^ in 
both the aolla. 
CaSO^ > llgSO^  > NaBCO. > ^ JagGO- > »«2^**^ ^ " 
both the aoila* 
NagCO- > NaHCO^ > HagSO^ > MgSO^ > CaSO^ In 
both the solla* 
NagCO. > NaHCOj > S»2^ **% ^  *'*^ ®4 ^  CaSO^ In 
silt loaa soil and CasO^ > HgSO. > NagSO. p^  
NaBCO. > Na CO. In aandy loam soil. 
Dlioeoron i Na_SO. >; Na.CO- > NaHCO. > CaSO. > MgSO, in 
ailt loam soil and Ma .CO. > MailCO, > GaSO^ > 
MgSO >Na SO. in sandy loan soil. 
Na CO > NaHCO > MgSO^ > CaSO^ ^  ^^2^^k *" 
silt loan soil and CaSO^ > MgSO. > NallCO. > 
* * 3 
Na^CO^ >Na^SO^ in sandy loa« soil. 
NagCO. > KaHCO, > tJa^ SO^  > HgSO^ > CaSO^ in 
both the soils. 
NBgCO > NanCO, > Na^SO^ > MgSO^ > Uaso^ in 
both the soils. 
NagSO^ > CaSO^ > HiSO^ > NaHCOj > Na^CO^ in 
both the soils. 
CaSO^ > HgSO^ > HaHCOj > M«2^ **3 ^  ^*2^k ^" 
ailt loaa soil and CaSO. > NgSO^ > ^^o^^h •^ 
NaHCO. > Na^CO. in sandy loan soil. 
NSgCO. > NanCO. > Na^SO^ > MfSO^ > CaSO^ In 
both the soils. 
polithion I 
Malathion t 
MetaayStox t 
Oxa^/1 
Parathion 
•ethyl s 
5.46 
s i l t loaa lo&l and C«SO. > NgSO. > Na SO y 
MaBCO > Na^CO. in sandy loaa s o i l . 
Tbesa order* ara in aooordanoe witb tba work ot SingH 
at al« "^ whan atudying the effaot of different sa l t loaohatea mi 
the movenent of sone neoatioidea* 
Baaed on tift Bg and B|| values in inorganic f e r t i l i z e r 
eluents» the novencnt of hiooidee follows the order KDl > NB.MO^ > 
NaNO. for aldioarh, dieeoroo and oxaaylf NHj.HO« > IQCl > NaNO. 3 * 3 3 
for havistin and oarbofuraot NB^NO. > NaNO- > KCl for 1)T)VP, 
diazlncHi, elcatin, metosystox and rogor and NaNO^ > NII.NO. > MSI 
for fo l i thion, isalathion and i>arathion oethyl in s i l t loan s o i l . 
In sandy loam s o i l i t follows the order XDl > NH.MO. > HaNO. 
for aldicarb» BDVP* diazinoni dimeortxtif ekatin, fo l i th ion, 
ioalathiaa, oxaaQrl and {Nirathion nethylt NH^ KO. > SCI > NaNO. 
for bavlst in, oarbofuran and metasystox and NaKO. > CCl > 
NH.NO, for rogor* 
In oationio (oetyl triaethyl aMRoniua broaide), anionic 
(sodiuM dodeoyl sul i^ate) and non-lonio (minoxol *0T*) surfactant 
the aoveMnt follows the order sodiuK dodeoyl sulphate >«anoxol 
*0T* > oetyl tri«etbyl avnoniua bronide for aldioarb and diseorcmi 
manoxol *0T* > oetyl trimethyl annoniua brosdde > sodiusi dodecyl 
sulphate for bavist in , DDVPt diasinon and parathion aethylj 
oetyl tri»athyl aanoniua broaide > sodiun dodeoyl sulphate > 
aanoxol *0T* for carbofuran, ekatin, Metasystox and oxaayli 
5.*7 
todiua dodcoyi sulphate > o«tyl triwetUyl aomonium broslde > 
nanoxol *0T* for fol i thioo and wmojEOl *0T* > sodlan dodvoyl 
•ulptiate oatyl trinatiiyl aanonluB broelde for nalathlon in s i l t 
loan soi l* In sandy loaa s o i l I t follows ttio order cotyl 
trlnethyl amnonlun broalde > sodtUK dodecyl suli^ate > oanoxol 
*0T* for aldloarb and bavlst in; sodium dodeoyl sulphate > oetyl 
trlstethyl omffionlun bronlde 7 aanoxol *QT* for oarbofaran, DDVP, 
dlaslnon, fol l tbion and rogori nanoxol *0T* > sodium dodeoyl 
sulf^ate > cety l trimethyl amsonlam bromide for dlmeoron and 
malothlmi; oetyl trimethyl ammonlua bromide > oanoxol *0T* > 
sodium dodeoyl sulptiete for ekatln and metasystox and manoxol 
*0T* > oetyl trlmetbyl amonlum bromide > sodium dodeoyl sulphate 
for oxamyl and parathlon metbyl* fh l s may be due to the 
differences In the adsorptlve nature of blooldes In the presence 
of surfactants* The wortc of Buggenberger e t al* '"' shows that 
high concentration of surfactants had a s ignif icant effect on the 
adsorption and distribution of the pesticides* Miller et a l , " 
reported that surfaotants affected the hydraulic conductivity 
of s o i l s and th is oonductlvlty effect Is related to aggregate 
destablllsatlcwt micelle formation and particle migration* a l l 
of which caused a general decrease in flow rates with time, 
Adsorptlve oharaoterlstlos were found to affect greatly the 
shape of the effluent concentration vs» time curve* 
CBAPTKR t SIX 
EFFECT OF PIFFERLNT SALINE AND ALKALINE SALTS. FERTILIZSgS AND 
SURFACTANTS ON THS MOYKMENT OF SOm HIOSHIOEUS ANP 
CABBAMOYL GHOUP CONTAINING BIOCIffES IN SOILS 
6*1 INTWPUCTION 
Despite ttie koowo hazerdoue nature of biocldes* their 
use would continue in modern agriculture. The biocides when 
applied to s o i l s nove and spread in s o i l before acting on the 
target organisms. Their effioacy would depend on their 
movement in s o i l . Moreover^ i t a lso exposes the possible 
eventual contamination of sub-soil ground water. The l iterature 
pertaining to adsorption, desorption and novenent of biocides 
in s o i l s has been reviewed by Bailey and White*^ ,^ Upohuroh'^ ^ and 
nelllng^®"^*'. MoCarty and King*'*, Swoboda and Thoiaas*'^ and 
Inch et a l . ' have studied the novement of biocides In s o i l s 
under different envir<m8isntal conditions. Soil thin-layer 
chroBtatography was introduced by Helling and Turner^', 
Helling'^ as a technique useful for rapid, reproducible and 
inexpensive assessnent of biocide Mobility, with autoradiography 
39.99 
of radioactive biocides. Helling et a l . '"" have also reported 
a bioassay technique for the detection of biocide nobil ity in 
s o i l . Several factors such as organic sMtter, particle s i z e , 
ffll, caloiun carbonate, o i l cakes, saline and alkaline s a l t s 
and exchangeable ions e t c . influenced pesticide nobility in 
6.2 
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s o l l t • Th«r« arc s t i l l • • •era l biooldes for which novenent 
has not h««n studied particularly so in the Indian so i l s* 
Hence, the present study deals with study on the effect of pH, 
organic matter, calcium carbonate, flyash, sa l ine , alkaline 
and neutral s a l t s , inorganic f e r t i l i z e r s , oationic, anionic and 
non-ionic surfactants on the stovenent of aldioarb, bavist in, 
oarbofuran, DDVP, dlazinon, dineoron, elcatin, fo l l th ion, 
loalathion, metasystox, oxamyl, parathlon methyl and rogor in 
two different type of so i l s using simple chemical detectors. 
6.3 
6.2 BlFEBllfeNTAL 
6.2 .1 R«ag»nt» 
Detai ls of th« r«ag«ots used during the experiments 
are already dleoueeed In Chapter 5* 
Preparation of Ma»« Ca« and H*Solle - The neutral so i l was 
broken up In a Mortar using a ruhher covered pes t le . The 
organic natter was oxidized with 30% hydrogen peroxide and 
the mixture was diluted with d i s t i l l ed water, fhe so i l was 
dispersed by electrloai s t irr ing and then treated with sodiua 
chloride (1N) and dilute hydrochloric acid t i l l the ooncentra* 
t lon of supernatant liquid ime 2N with rospeot to sodium 
chloride and O.IN with respect to hydrochloric acid. The 
mixture was shaken for about 1 hr* after which the supernatant 
acid sa l t solution was reteuved frooi the so i l suspension by 
deoantation. Then the so i l suspension was f i l tered through a 
Buohner funnel and washed with d i s t i l l e d water t i l l the f i l t ra te 
become free from chloride ions , fhe so i l was transferred from 
the funnel and used for preparing plates . 
Hydrogen soil with Klnimal aluminium was freshly prepared 
i!S6 
vide Aid rich and Buchanan *s method by passing the Na-soll 
through a ooluan of H'4)owox 50-X8 cation exchange resin at a speed 
of 3 "1 mln' t i l l the |M and conductance of the eluate became 
constant. I t was then quickly used for preparing s o i l t i c p lates . 
6.% 
fo obtain oaloluM soil, N«->»oll v&s treated thraa times 
with oalolun chloride eolution (iN). The soil was then washed 
with distilled water till the oonduotanoe of washing wao of 
the sane order as that of distilled water (lO ti*Bh&S' on'* ). 
6*2*2 Apparatus 
The apparatus used duilng the experlfl»iits i s discussed 
in Chapter 5» 
6«2,3 Procedure 
6*2«3*1 Thio Layer Chroaatoferapblo Studiesg For the studies 
clean glass plates (20 x £0 CB) wer& coated with a slurry of 
s o i l s containing different adiiltives with a thickness of 
0*5 ma with the help of a t i c applicator and dried at room 
temperature* Two l ines were 8crli>ed with a standard development 
distance <10 on) on a l l the plates* Biooides via* DBVP, diazinon, 
diswcron, ekatin, fo l i th lon, malathlon, netasystox* oxaa;}rl, 
parathion methyl and rogor were applied by laaibda pipette 3 cm 
abore the bottom of the plates* A s tr ip of paper towel was 
wrapped round the bottom of plates and these were developed 
with d i s t i l l e d water by ascending chromatography* After drying 
noveoent was detected by chemical detectors as described 
ear l ier in Chapter 5 (9*2*3*3)* 
6*2*3*2 Effect of Organic Matter on the Movement of Biooidesi 
Soi l samples were treated with 30)( hydrogen peroxide^' to 
remove organic metter* Then Movement of biooides in organic 
6*5 
natter if so i l ««• studied a» detorlbed above. The effect 
of organic m t t e r on the aoireaent of blocides in so i l i s given 
in Tables XXIV - XZV. 
6*2.3*3 Effect of Calciuat Carbonate and Flyasb on the Movement 
of Biocldest To study the effect of calcium carbonate and 
**1 flyash as addltiveSf calolun carbonate (Sg 100 g s o i l ) and 
flyasb (5 g lOO g*^ so i l and 10 g 100 g"^ s o i l ) were nixed in 
so i l saaples. The results obtained are given in Tables XXVI • 
XXVII. 
6*2*3.4 Effect of Alkaline. Saline and Neutral Salts on the 
Movemont of Blocideei To study the effect of different alkal ine, 
sal ine and neutral s a l t s as additives on biocide tooveiaent, 
CDlcium sulphate, oiagnesiuDi sulphate, sodium carbonate, sodium 
bicarbonate and sodium sulphate (1 g 1(M> g s o i l ) were mixed 
in so i l samples. The results are given in Tables XXVIXI - XXiX. 
6*2*3«3 Effect ol Inoraanito gert i l iaers on the Movement of 
Biocldest To study the ef fect of inorganic f e r t i l i s e r s on the 
movement, ammoniuei n i trate , piitassium chloride and sodium 
nitrate ( l g lOO g"^ s o i l ) were mixed in s o i l samples* The 
results obtained are given in Tables XXX - XXXI* 
6»2»3*6 B f f c t of Surfactants on the Movemtnt of Biocldest 
To study the effect of cationic (cetyl trimethyl ammonium 
bromide), anionic (sodium dodecyl sulphate) and non*ionio 
(manoxol *0T*) ( i g loO g*^ s o i l ) were mixed in the so i l samples. 
The results are recorded in Tables XXXZI * XXXIII* 
6.6 
6*2»3«7 Efftot of HydroggPt Calolua and Sodtua Soi ls on the 
Moyaent of Blocidtai To study tho offset of hydrogen, osloium 
and sodiuB Ions, thsss s o i l s witti U-, Ca* and Na-ions wers 
preparsd by Aldrlch and Buchanan *s sisthod ^ * fhs hydrogen 
saturated so i l s were used lauediately after passing through 
the B-Dowex-50*W-X8 oatlon azohange resin to avoid the aioveaent 
of aluiBlnluBi Ions. The results are recorded In Tobies XZZlV > 
xxxn. 
The iK>blllty of blociaes^ u&s <b>jcpre88ed iu terois of 
„ U7 „ 1*8 - „ 1%9 
f ' % % values* 
6.7 
6*5 ggSPLTS 
Tht aobllltir of a l l tb« blooides Increased vhen the 
organic inatter was reoaoved (Tables XXIV * XXV) in both the s o i l s 
except metasystoz while the addition of oaloium carbonate to the 
s o i l s decrease the noveoent of a l l the biocides (Tables XXVI -
XXVII), 
Addition of 5% flyash to the so i l decreased the moveiBent 
of oarbofuran, diazinon, dlmeoron, ekatln, malathion, oaetasystox 
and oxaoayl while those of aldicarb, bavistin, DDVP, folithion 
and rogor increased in the s i l t loam s o i l . In the sandy loam 
s o i l , the moveisent of diasinon and metasystox remains unaffected; 
aldloarb, bavist in, oarbofuran, Dt>VP» folithion and rogor 
increased while dloecron, ekatin, malathion, oxaisi^l and parathion 
methyl decreased* On increasing the oonoentration the movement 
of a l l biocides dsoreased in both the s o i l s with marked effect 
in case of carbofuran, diaiEinon, elcatin and parathion methyl 
(Tables XXVI - XXVII). 
When saline sa l t s (calcium sulphate and magnesium 
sulphate), alkaline sa l t s (sodium carbonate and sodium bicarbonate) 
and neutral sa l t (sodium sulphate) were added to the s o i l s 
(Tables XXVIII • XXlX) to study the effect of sa l in i ty and 
a lkal in i ty , i t was observed that the movenent of a l l the biocides 
was maximum in calcium sulf^ate; that of fo l i th ion, metasystox, 
parathion methyl and rogor was maximum in sodium carbonate, 
while there was minimum movement of aldioarb, bavist in, 
6*8 
oarboturao, ditworon and oxa^^l in the s i l t loan s o i l . In 
tha sandy loan s o i l , •axinun M>v««ant of a l l tha blocldaa 
was obaarvad in oaloiun aulphata axoapt in oaaa of dlaxinon, 
matasyatoxy paratbion oetbyl and rogor wbicfa showtd naxinu* 
movenant in todiun oarbonata while oiniaam aoveaent of a l l the 
blooidee was in sodium sulf^ata. 
Addition of inorganio f e r t i l i z e r s to the s o i l 
(Tables XXX * XXXI) deoreased the «0Ta«ent of a l l the biooides 
except DDVP and ekatin in aonBonian nitrate and fol ithion in 
aodiuiB nitrate in s i l t loam s o i l . Their movement also decreased 
in san^y loam soi l except rogor which remain unaffected in 
ammonium nitrate; movement of oxanyl and rogor incx^ased in 
potassium chloride while that of DDVP» dimeoront metasystoxf 
oxanyl and rogor increased in sodium ni trate . 
When oationio, anionic ai^ non-ionic surfactants were 
added to the soi ls* the anionic (aodium dodeoyl sulphate) and 
non-ionic (manoxol *0T*) aurfaotants markedly inhibited the 
capillary action of water and thus there was no movemtnt in both 
the s o i l s , while in oationio surfactant (cetyl trimethyl ammonium 
bromide) although the biocides showed no or l i t t l e movement i t 
was greater in sandy loam soi l than s i l t loam so i l (Tables XXUI -
XXXIII)* Bavistin showed no movement in e i ther of the two s o i l s 
tested* 
In the study on the effect of exobangable ions H-, Na-
6.9 
and Ca-90il8 w«r« u««d • • «d»orb«nt (fables ZXZIV '<• U X n ) , 
tbm movamat ot a l l tfa« biooldaa ir«« iitgb«r la Na»80ll 
followed by Ca* and B-aolla arespeotlvely* 
6.10 
Tabic XXIV. Stf«ot of Organic Mattar on the Movenent of Biooldea 
In S i l t tomm Soil (Movanent Expraaaad aa WtLgt ft^, iU 
and B|| Valuaa) 
Biooldea 
Aldloarb 
Bavi s t ln 
Carbofuran 
DDVP 
DlazlnoD 
Dliaeoron 
£katiQ 
Po l l th ion 
Malathion 
Metaayatoz 
Ozaagrl 
Parathion 
mithyl 
t 
Soi l 
FE, 
0.86 
0*82 
0.84 
0 .88 
0.96 
0 .90 
0.98 
0.92 
0.95 
0 .80 
0.82 
0.99 
with organlo aa t t er 
*f 
0 .76 
0 .70 
0 .70 
0 .79 
0 .86 
0 .81 
0 .87 
0 .46 
0 .88 
0 .65 
0 .66 
0 .91 
h 
0.66 
0.57 
0.55 
0 .69 
0 .75 
0 .72 
0.76 
0 .00 
0 .80 
0 .50 
0 .50 
0 .82 
«K 
- 0 . 5 0 
-0 .37 
- 0 . 3 7 
- 0 . 5 8 
- 0 . 7 9 
«0.72 
- 0 . 8 3 
0 .07 
- 0 . 8 7 
- 0 . 2 7 
- 0 . 2 9 
- 1 . 0 0 
S o i l without 
Pftj 
0 .89 
0 .88 
0 .85 
1.00 
1.00 
0 .97 
0 .90 
1.00 
0.9% 
0.%4 
0.8% 
0.97 
h 
0.80 
0.75 
0.74 
0.87 
0 .88 
0 .88 
0.77 
0 .50 
0 . 8 } 
0 .22 
0 .73 
0.86 
organic 
«B 
0 .70 
0 . 6 l 
0 .62 
0 .73 
0 .76 
0 .79 
0.64 
0 .00 
0 .71 
0 .00 
0 .62 
0.74 
natter 
-0 .60 
-0 .48 
-0 .45 
-0 .83 
-0 .87 
-0 .87 
- 0 . 5 2 
0.00 
- 0 . 6 9 
0 .55 
- 0 . 4 3 
- 0 . 7 9 
Rogor 0.84 0.42 0.00 0.14 0.94 0.47 0.00 0.05 
6.11 
fabl* XXVl Bffcot of Organic tiattar on th« Movefaent of Biooldaa 
to Sandy Loaa Soil (NovameDt Sxpraased as FR^, R^, 1^ 
Bta VL. ?aluaa> 
Biooidea 
Aldioarb 
Baviat in 
Carbofuran 
DBVP 
Diaasinon 
Xiifmeron 
BkatiD 
F o l i t b i o n 
Nalathion 
Mataayatox 
Oxaayl 
ParathioB 
nathyl 
So i l 
FR, 
0 ,90 
0.66 
0.96 
0 .90 
1.00 
0.93 
1.00 
0.98 
1.00 
0.76 
0.86 
1.00 
witti organio Matter 
4 '"•' 
»f 
0 .87 
0 .75 
0 .87 
0 .80 
0 .68 
0 .64 
0 .88 
0.4i9 
0 .90 
0 .67 
0*69 
0 .92 
1 
% 
0.84 
0.6% 
0.78 
0 .70 
0.76 
0 .75 
0 .75 
0 .00 
0 .80 
0 .57 
0 .52 
0.8% 
1 
• M 
- 0 . 8 3 
- 0 . 4 8 
- 0 . 8 3 
- 0 . 6 0 
- 0 . 8 7 
- 0 . 7 9 
- 0 . 8 7 
0 .02 
- 0 . 9 5 
- 0 . 3 1 
- 0 . 3 5 
- 1 . 0 6 
1 
S o i l without 
1 
FR, 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
0 .99 
1.00 
1.00 
0.55 
0 .88 
1.00 
«f 
0 .94 
0 .75 
0 .90 
0 .90 
0 . 8 9 
0 .92 
0 .91 
0 .50 
0 .92 
0 .38 
0 .77 
0 .93 
organic 
Rg 
0 ,88 
0 .50 
0 .80 
0 .60 
0 .78 
0 .83 
0 .82 
0 .00 
0.84 
0 .20 
0 .65 
0 .85 
mattar 
k 
«M 
- 1 . 1 9 
-0 .48 
-0 .95 
- 0 . 9 5 
- 0 . 9 1 
-1 .06 
- 1 . 0 0 
0 .00 
-1 .06 
0 .21 
- 0 . 5 2 
- 1 . 1 2 
Rogor 0.90 0.45 0.00 0.09 1*00 0*50 0.00 0.00 
6.12 
Talil* XXVI • Bti90t of Calcium Carbonat* and Flyasli on the 
Novaaent of Biocldaa in Silt Loan Soil (Movanent 
Expressed aa PR^, E., Bj^ ana 9^ Values) 
Blooldea FB. a. «M 
(a) Caloluoi carbonate (^) 
Aidlearb 
Bav l s t ln 
Carbofuran 
DT^VP 
DlazlnoQ 
Dlneoron 
Ekatln 
Po l l tb lon 
Ma la th ion 
Metasystox 
Oxavyl 
Parathlon vethyl 
Rogor 
0 .7* 
0.76 
0 .71 
0 .80 
0 .92 
0 .70 
0.*5 
0 .7* 
1.00 
0 .75 
0.55 
1.00 
0 .80 
0 .65 
0.56 
0 .61 
0 .59 
0*6ik 
0.66 
0 .23 
0 .37 
0 .86 
0 .50 
0.4i3 
0 .86 
0 .*0 
0.56 
0.35 
0.50 
0 .38 
0.76 
0.62 
0 .00 
0 .00 
0.71 
0 .25 
0.30 
0 .72 
0 .00 
- 0 . 2 7 
- 0 . 1 0 
- 0 . 1 9 
- 0 . 1 6 
- 0 . 7 2 
- 0 . 2 9 
0 .52 
0 .23 
- 0 . 7 9 
0.00 
0 .12 
- 0 . 7 9 
0 .18 
(TabU XXVI 00Dtlnu«d) 
6.13 
Btooldes FS^ B^  «M 
(b) Flyath (5%) 
Aldioarb 
Bavisi iQ 
Carbofurao 
DPVP 
nieziooi i 
T)lB3«oron 
Bkatln 
Fo l l th lon 
Malathlon 
Matasystox 
Oxaagfl 
Faratbion methyl 
Rogor 
0 .95 
0.9% 
0.69 
0 .91 
0 .95 
0 .90 
0 .90 
0 .98 
0 .95 
0 .63 
0 .68 
0*98 
0 .85 
0 .87 
0 .86 
0 .60 
0 .81 
0 .80 
0 .80 
0 .79 
0 .82 
0 .78 
0 .56 
0 .58 
0 .87 
0 .65 
0 .78 
0 .78 
0 .55 
0 .70 
0 .65 
0 .70 
0 .67 
0 .65 
0 .60 
0 .48 
0 .48 
0.76 
0 .40 
• 0 . 8 3 
• 0 . 7 9 
- 0 . 2 2 
- 0 . 6 3 
- 0 . 6 0 
- 0 . 6 0 
- 0 . 5 8 
- 0 . 6 6 
- 0 . 5 5 
- 0 . 1 0 
-0.1% 
- 0 . 8 3 
- 0 . 2 3 
(Tabl« IXTI oontlnu9d) 
6.14 
Biooid«8 Fa^ h *M 
(o) Flyash (105^ ) 
Aldloarb 
Bavietln 
Carbofuran 
DBVP 
Dlazioon 
plmecroQ 
Ekatln 
Follthion 
Malathlon 
Mataayatox 
Oxaiyl 
Paratblon nethyl 
Rogor 
0.91 
0.84 
0.85 
0.74 
0.80 
0.74 
0.81 
0.86 
0.83 
0.55 
0.72 
0.91 
0.69 
0.80 
0.63 
0.43 
0.66 
0.77 
0.57 
0.41 
0.43 
0.78 
0.50 
0.48 
0.45 
0.35 
0.69 
0.41 
0.00 
0.58 
0.74 
0.40 
0.00 
0.00 
0.72 
0.45 
0.23 
0.00 
0.00 
•K).60 
-0.23 
0.12 
-0.29 
-0.52 
-0.12 
0.16 
0.12 
-0.55 
0.00 
0.03 
0.09 
0.27 
6*15 
rabl« JQCVII. Eff«ot of CaloiuB Carbonat* and Plyash on the 
Movanent of Biocidaa in Sandy LoaD Soil 
(Movaaient Expreaaad aa FB^* E^, Rg and llj^  Valuaa) 
Biocidaa FB, a. % «M 
(a) Caloiun carbonate (5%) 
Aldioarb 
Bavlatin 
Corbofurao 
BDVP 
Diazinon 
Dinaoron 
Ekatin 
Polithion 
Malatbion 
Metaayatox 
Oxanyl 
Parathion nathyl 
Bosor 
0.86 
0.85 
0.84 
0.78 
0.90 
0.78 
1.00 
0.95 
0*90 
0.75 
0.60 
0.85 
0.77 
0.80 
0.65 
0.66 
0.7% 
0 .79 
0 .69 
0 .85 
0 .48 
0 .79 
0 .49 
0.46 
0 .45 
0 .39 
0 .73 
0 .45 
0 .48 
0 .69 
0 .69 
0 .60 
0 .69 
0 .00 
0 .66 
0 . 2 3 
0 .32 
0 .00 
0 .00 
- 0 . 6 0 
- 0 . 2 7 
- 0 , 2 9 
-0 .45 
- 0 . 5 8 
- 0 . 3 5 
- 0 . 7 5 
0 .03 
- 0 . 5 8 
0 .02 
0.07 
•0.12 
0 .19 
6.16 
(T«l»l« XXVII continued) 
Blooid«8 FK^ ^f ^ %1 
(b) Flyash {$%} 
Aldloarb 
Bavisttn 
Carbofuran 
BDVP 
Dlazlaon 
nimeoron 
EkatlQ 
Polithlon 
Ma lathion 
ftotatyatox 
Oxaqyl 
Parathlon 
•ethyl 
aogor 
1«00 
1.00 
0.96 
0.96 
1.00 
0.93 
0.94 
0.95 
1.00 
0.76 
0.81 
1.00 
0.95 
0.92 
0.91 
0.79 
0.82 
0.88 
0.76 
0.82 
0.83 
0.88 
0.67 
0.66 
0.88 
0.80 
0.83 
0.81 
0.68 
0.68 
0.75 
0.58 
0.70 
0.71 
0.75 
0,57 
0.50 
0.76 
0.65 
-1.06 
-1.00 
-0.58 
-0.66 
-0.87 
-0.50 
-0.66 
-0.69 
-0.87 
-0.10 
-0.29 
-0.87 
-0.60 
6.17 
(Tabic XXVII oontlnu«d) 
Biooidas FB^ B^ BQ S^ 
(o) Flyasb (10J&> 
Aldioarb 
Bavistln 
Carbofuran 
mvp 
Blazlnon 
Dlmecron 
Ekatln 
Follthlon 
Malathlon 
Hetasyatoz 
OzaBQrl 
Parethion 
M t b y l 
Rogor 
0.92 
0.80 
0.86 
0.90 
0.90 
0*90 
0.75 
0.96 
0.90 
0.75 
0.82 
0.68 
0.86 ' 
0.85 
0.73 
0.68 
0.74 
0.^5 
0.76 
0.63 
0.46 
0.77 
0.65 
0.53 
0.59 
0.43 
0.77 
0.66 
0*50 
0.58 
0.00 
0.62 
0.50 
0.00 
0.63 
0*51 
0.23 
0.49 
0.00 
-0.75 
-0.43 
-0.33 
-0.45 
0.09 
-0.50 
-0.25 
0.03 
-0.52 
-0.23 
0.05 
-0.16 
0.12 
6.18 
Tabl* XXVni. Bff«ot of Different Saline, Alkaline and Neutral 
Salte on tbe Noveaent of Biooidee in S i l t Loan 
Soil (Moirenent £xpreseed as Ffi^, tigt Bg and 
B|^  Talues) 
Biocides PB^  R. 
(a) CaloittiB sulphate {!%) 
Aldloarb 
Bavistin 
Carbofuran 
WWVP 
BiazinoQ 
Pimeoron 
Ekatin 
Folitbion 
Nalatbion 
Metasyetox 
Oxasayl 
Parathlon methyl 
Rogor 
0.96 
0.84 
0.S2 
0.92 
1.00 
0.75 
0.96 
0.86 
0.90 
0.69 
0.71 
0.88 
0.94 
0.78 
0.68 
0.64 
0.79 
0.90 
0.58 
0.86 
0.43 
0.83 
0.48 
0.55 
0.64 
0.47 
0.60 
0.51 
0.45 
0.65 
0.79 
0.40 
0.75 
0.00 
0.75 
0.26 
0.38 
0.40 
0.00 
-0.55 
-0.33 
-0.25 
-0.58 
-0.95 
-0.14 
-0.79 
0.12 
-0.69 
0.03 
-0.09 
-0.25 
0.05 
(Tabl* XXVIII oontioucd) 
6.19 
Blocldes FS. B^  «8 «M 
(b) Magnesium sulf«iat« (l^) 
Aldlcurb 
Bav l s t ln 
Carbofurao 
T)!)VP 
tOiazlnon 
DItnecron 
matin 
Fol i th lon 
Malathlon 
Hetasystoz 
Oxaaiyl 
Parathlon netbyl 
Rogor 
0 .89 
0 .75 
0 .65 
0 .95 
0 .95 
0.76 
0.87 
0 .80 
0 .90 
0 .70 
0 .78 
0 .80 
0.84 
0.76 
0.56 
0.64 
0.78 
0.83 
0.52 
0.76 
0.40 
0.80 
0.41 
0.54 
0.62 
0.42 
0.63 
0.37 
0.43 
0.61 
0.71 
0.38 
0.64 
0.00 
0.70 
0.12 
0.29 
0.44 
0.00 
-0.50 
-0.10 
-0.25 
-0.55 
-0.69 
• -0.03 
-0.50 
0.18 
-0.60 
0.16 
-0.07 
-0.21 
0.14 
(Tabl« IXfllt ooQtiiiu«d) 
6.20 
Blocides pa. h 
(o) Sodtun oarbonate (%%) 
Aldioarb 
Bavis t in 
Carbofuran 
WBVP 
DiaziooQ 
nimecron 
Btcatio 
Fo l i tb lon 
Malatblon 
Matasystox 
Oxaayl 
Paratbion nathyl 
Rogor 
0 .60 
0 .94 
0 .51 
0 .84 
0 .87 
0 .77 
0 .87 
1.00 
0 .83 
0.66 
0 .48 
1.00 
1.00 
0.47 
0.46 
0 .45 
0 .63 
0.62 
0 .59 
0.68 
0.66 
0.62 
0 .33 
0.37 
0 .78 
0 .50 
0 .33 
0 .38 
0 .39 
0 .42 
0 .37 
0 .42 
0 .49 
0 .32 
0 .40 
0 .00 
0 .26 
0 .56 
0 .00 
0 .05 
0.07 
0 .09 
- 0 . 2 3 
- 0 . 2 1 
- 0 . 1 6 
- 0 . 3 3 
- 0 . 2 9 
- 0 . 2 1 
0 .31 
0 .23 
• 0 . 5 5 
0 .00 
(Tabl« XXVIII oontinu«d) 
6.21 
Biooldles Ffi. «B «M 
(d) Sodium bio«ri}onate (if() 
Aldloarb 
B a v i s t l n 
Carbofuran 
imvp 
DiazinoQ 
DimeoroD 
fiicatln 
Fol l tbioD 
Malathlon 
Meiaayatox 
Oxaayl 
Pa rath ion owthyl 
Rogor 
0 .50 
0 .60 
0*61 
1.00 
0 .75 
0 .80 
1.00 
1.00 
0 .83 
0 .68 
0 .60 
0 .94 
0 .96 
0.%9 
0 .50 
0 .52 
0.66 
0 . 6 } 
0 .67 
0 .77 
0.6% 
0 .71 
0 .34 
0.47 
0 .70 
0 .48 
0 .48 
0 .40 
0 .33 
0 .32 
0 .50 
0 .53 
0.54 
0 .28 
0 .59 
0 .00 
0 .34 
0 .45 
0 .00 
0.02 
0.00 
- 0 . 0 3 
- 0 . 2 9 
- 0 . 2 3 
-0 .31 
- 0 . 5 2 
-0 .25 
-0 .39 
0 .29 
0 .05 
-0 .37 
0 .03 
6.22 
(Table ZXVIII continued) 
Biooides FR^ S^ Bg B^ 
(•> Sodium sulfttate (l$i*) 
Aldioarb 
Bav i s t ln 
Carbofaran 
DDVP 
T)iaztnon 
Dlssecron 
Ekatln 
Fo l l th ion 
Malathion 
Matasyttox 
Oxaoyl 
Parathion a»thyl 
Bog or 
0.55 
0 .48 
0 .49 
0.87 
0 .82 
0.76 
0 .82 
0 .59 
0 .82 
0.54 
0.45 
0 .80 
0 .82 
0 .44 
0.37 
0 ,43 
0 .77 
0 .63 
0 .52 
0 .67 
0 .30 
0 .75 
0.37 
0 .35 
0 . 6 l 
0 .41 
0 .32 
0 .26 
0 .36 
0.67 
0 .44 
0 .38 
0 .52 
0 .00 
0 .68 
0 . 1 9 
0 .25 
0 .42 
0 .00 
-0 .10 
0 .23 
0.12 
•0 .52 
- 0 . 2 3 
•0 .03 
-0 .31 
0.37 
•0 .48 
0 .23 
0.27 
- 0 . 1 9 
0.16 
6.23 
Tabl« XXtX* Effect of Different Saline, Alkaline and Neutral 
Salts on the Movement of Blooldes In Sandy Loan 
Soil (Movenent fizpreaaed as FRj.* a^, 8^ and 
S|| Values) 
Biocides PR. R. BM 
(a) Caloium suli^ote ( l^) 
Aldioarb 
Bav i s t ln 
Carbofuran 
DDVP 
Diazinon 
niBieoron 
fikatin 
F o l i t h l o n 
Malathion 
Metasystox 
Oxaoyl 
Faratliion nethyl 
Rogor 
0 .93 
0 .92 
0 .82 
0 .95 
0 .95 
0 .95 
0 .91 
0 .98 
0.95 
0 .83 
1.00 
0 .88 
0 .98 
0.66 
0 .88 
0 .64 
0.84 
0 .78 
0 .83 
0 .79 
0 . 4 9 
0.84 
0 .65 
0 .84 
0.7% 
0 .49 
0.78 
0 .84 
0 .45 
0 .75 
0 .61 
0 .70 
0.66 
0 .00 
0 .73 
0.46 
0.67 
0^60 
0.00 
- 0 . 7 9 
-0 .87 
- 0 , 2 5 
-0 .72 
-0 .55 
- 0 . 6 9 
- 0 . 5 8 
0.02 
-0 .72 
-0 .27 
-0 .72 
-0 .45 
0.02 
(fmhU XXll QODtlnu«il) 
6.2% 
Bioc ldes FS^ B^  
"M 
(b) Magntsium sulphate ii%) 
Aldloarb 
Bavlstin 
Carbofuran 
onvp 
DiazlDon 
T)iBM»oroii 
ftkatin 
rolithlon 
Malathlon 
Matasyatox 
Oxaayl 
Paratbion netbyl 
Sogor 
1.00 
1.00 
1.00 
1.00 
0.93 
0.98 
0.97 
0.9* 
1.00 
0.92 
0.92 
0.86 
0.96 
0.8% 
0.83 
0.83 
0.80 
0.77 
0.8i 
0.76 
0.%7 
0.80 
0.6% 
0.81 
0.70 
0.%8 
0.68 
0.63 
0.65 
0.60 
0.60 
0.6% 
0.55 
0.00 
0.60 
0.36 
0.70 
0.5% 
0.00 
-0.72 
-0.69 
-0.69 
-0.60 
-0.52 
-0.63 
-0.50 
0.05 
-0.60 
-0.25 
-0.63 
-0.37 
0.03 
6.25 
(fable XXIX oontinued) 
Oiocidee FR^ ^f % '^ 
(o) Sodlus! carbonate {i%) 
Aldloarb 
Bovlst lt i 
Carbofuran 
I>I)VP 
Blesinon 
DiBworon 
£katln 
FolithloD 
MaUthlon 
Metaeystox 
Oxaigrl 
Paratbion OMthyl 
Rogor 
0 .99 
0 .98 
0 .94 
0.9% 
1.00 
0 .93 
0 .90 
1.00 
0.97 
0.95 
1.00 
1.00 
1.00 
0 .61 
0 .79 
0 .71 
0 .72 
0 .81 
0.7* 
0 .70 
0.75 
0 .79 
0 .69 
0.76 
0 .79 
0 .79 
0 .63 
0 .60 
0 .48 
0 .50 
0 .62 
0 .55 
0 .50 
0 .50 
0 .60 
0 .42 
0 .51 
0 .58 
0 .58 
- 0 . 6 3 
--0,58 
- 0 . 3 9 
- 0 . 4 1 
- 0 . 6 3 
- 0 . 4 5 
- 0 . 3 7 
- 0 . 4 8 
- 0 . 5 8 
- 0 . 3 5 
- 0 . 5 0 
- 0 . 5 8 
- 0 . 5 8 
(Tabl* XXfx ooBtinu«d) 
6.26 
Olocldes pa. 
(d) Sodium bicarbonote (l%) 
Aldioarb 
Bavl s t ln 
Carbofurao 
tmvp 
Diazlnon 
DioHicron 
Elcatin 
Fo l l tb lon 
Malathlon 
Mataaystox 
Oxaoyl 
Parathion nathyl 
Rogor 
0 .99 
1.00 
0 .92 
0 .95 
1.00 
1.00 
1.00 
1.00 
1.00 
0,84i 
1.00 
1.00 
1.00 
0.84 
0.60 
0 .78 
0 .78 
0 .79 
0 .81 
0.75 
0.73 
0 .69 
0.67 
0.76 
0 .78 
0 .50 
0 .68 
0 .60 
0 .63 
0.60 
0.58 
0.61 
0.50 
0.46 
0.38 
0 .50 
0.51 
0.56 
0.00 
- 0 . 7 2 
- 0 . 6 0 
- 0 . 5 5 
•0 .55 
- 0 . 5 8 
-0 .63 
- 0 . 4 8 
- 0 . 4 3 
- 0 . 3 5 
- 0 . 3 1 
- 0 . 5 0 
- 0 . 5 5 
0 .00 
6.27 
(Table XXXX oontlnuad) 
Blooides FK^ R^ Bg fi^ 
(e) Sodluio sul{^ate {1%) 
Aldloarb 
BaviBtln 
Carbofuran 
DDVP 
Biazlnon 
Dloecron 
ElcatiD 
Fo l l tb ion 
Malathion 
Ma ta ay at ox 
Oxaayl 
Parathion awthyl 
Rogor 
0,95 
0.90 
0 .93 
0 .80 
0.90 
0.92 
0.60 
0.90 
0.85 
0.7* 
0.8% 
0.87 
0.95 
0 .7* 
0 .45 
0.6(> 
0.66 
0 .73 
0 .71 
0.66 
0 .*5 
0 .63 
0 .55 
0 .68 
0 .68 
0 .48 
0 .53 
0 .00 
0 .39 
0 .52 
0.56 
0 .50 
0 .52 
0 .00 
0 .41 
0 .35 
0 .52 
0 .49 
0 .00 
- 0 . 4 5 
0 .09 
- 0 . 2 9 
- 0 . 2 9 
- 0 . 4 3 
- 0 . 3 9 
0 .29 
0 .09 
- 0 . 2 3 
- 0 . 0 9 
- 0 . 3 3 
- 0 . 3 3 
0 .05 
6.28 
Tabl* XXI* Ett%ot of Sow Inorcanlo WrtilizT* on tb« Novtsent 
of Blooides in S i l t Loan Soil (MoireBent £xpr«sMd 
as FR , B^, IL and IL^  Yaliits) 
Blooides PS. R^  «B «M 
(a) Aisaoniuai nitrate {i%) 
Aldioarb 
Daviatin 
Carbofuran 
r»nvp 
Biezlnon 
Diisecron 
Elcatln 
Fol i th ion 
Halathion 
Nat a ay St ox 
Oxanyl 
Parathion a«thyl 
Rogor 
0*69 
0.58 
0.73 
0.95 
0.95 
0.84 
1.00 
0 .75 
0.95 
0.62 
0.73 
0 .90 
0 .79 
0 .60 
0 .39 
0.55 
0.8% 
0.83 
4).70 
0 .89 
0.38 
0.85 
0.36 
0.62 
0.78 
0,hO 
0.50 
0.20 
0.37 
0.72 
0.70 
0.55 
0.78 
0.00 
0.76 
0.10 
0.50 
0.65 
0.00 
-0.18 
0.19 
-0.09 
-0.72 
-0.69 
-0.37 
-0.91 
0.21 
-0.75 
0.25 
-0.21 
-0.55 
0.18 
6.29 
(Tabl* XIX aontinn««) 
Biocldes r&^ B^  Bg 
(b) FotasffluB chloride (19;) 
Aldloarb 
Bavl s t ln 
Cartoofuran 
T>nVF 
Biazlnon 
l^lmecron 
Ekatln 
f o l l t b l o n 
Ma lathion 
Mataayatox 
Ox«»yl 
Parattilon aattiyl 
Bog or 
0 .71 
0.7% 
0 ,70 
0 .75 
0 ,85 
0 .86 
0 .89 
0.77 
0 .78 
0 .70 
0 .75 
0 .84 
0 .72 
0*65 
0.55 
0.57 
0 .62 
0 .73 
0.71 
0.77 
0 .39 
0.68 
0.45 
0.6% 
0.71 
0.36 
0.58 
0 .35 
0.44 
0.48 
0 .60 
0.55 
0.65 
0,00 
0.58 
0 .19 
0.55 
0.58 
0.00 
-0 .27 
- 0 . 0 9 
- 0 . 1 2 
- 0 . 2 1 
- 0 . 4 3 
- 0 . 3 9 
- 0 . 5 2 
0 .19 
- 0 . 3 3 
0 .09 
- 0 . 2 5 
- 0 . 3 9 
0 .23 
<Tabl« UX oontlnuad) 
6.30 
Blooid«s FR. 8M 
(o> Sodlun nitrate 
Aiaioarb 
BaYlstln 
Carbofurao 
Dl>VP 
'Diazlnon 
l>lt»0cron 
Ekatin 
Pollthl<m 
Ha l a t h i on 
Hetasystox 
Oxaggyl 
Farathion awthyl 
Rogor 
0*86 
0.68 
0.76 
0.7* 
0.95 
0.85 
0.92 
0.94 
0.98 
0.50 
0.75 
0.8J 
0.76 
0.74 
0.56 
0.64 
0*64 
0.80 
0.72 
0.80 
0.73 
0.79 
0.31 
0.63 
0.63 
0.38 
0.61 
0.44 
0.52 
0.54 
0.67 
0.58 
0.68 
0.52 
0.66 
0.11 
0.51 
0.44 
0.00 
-0.45 
-0.10 
-0.25 
-0.25 
-0 .60 
-0.41 
-0.60 
-0.43 
-0.58 
0.35 
-0.23 
-0.23 
0.21 
6.31 
Table JCXlCt. Sfteci of SOM Iiioit(«nlQ r « r t l l i z t r s on tb« 
MoTtMent of Bioold«« In Sandy Loa* Soil 
(Movamint Expraasad aa FR.» R., Bg and iL. Values) 
Blooidaa PR. R. h % 
(a) AMBOHIUB a l t rata {t%) 
Aldloarb 
Bavlst ln 
Uarbofurao 
1»!>VP 
Dlazinon 
Plomcron 
Eketin 
Fol l th lon 
Malathlon 
Matagystox 
OxanQTl 
Faratblon aatbyl 
Rogor 
0 .87 
0.74 
0 .87 
0 .93 
o.se 
0.90 
0.82 
0 .90 
o.&% 
0.S6 
0*90 
0 .90 
0 .90 
0.7S 
0.C2 
0.78 
0.7<» 
0.70 
0 .75 
0.71 
0.4i$ 
0.77 
0.58 
0.78 
0.78 
0.%5 
0 .69 
0.%9 
0 .68 
0 .55 
0 .52 
0 .60 
0 .60 
0 .00 
0 .70 
0*30 
0 .66 
0 .65 
0 .00 
- 0 . 5 5 
- 0 . 2 1 
- 0 . 5 5 
- 0 . 4 5 
- 0 . 3 7 
- 0 . 4 8 
- 0 . 3 9 
0 .09 
- 0 . 5 2 
- 0 . 1 4 
- 0 . 5 5 
- 0 . 5 5 
0 .09 
6.32 
(Tabla XXXI oontiau*d) 
Biool(1«8 PB. K. 
(b) fotsLBBiam otilorid« ii%) 
Aldloarb 
Bav i s t ln 
Carbofuran 
T>I>VP 
Diazloon 
Dlmecron 
Elcatin 
F o l l i h l o n 
Na la th ion 
Natasystox 
Oxanyl 
Parathi(m nethyl 
Rogor 
0 .89 
0 .7* 
0 .86 
0 .90 
0*90 
0.94 
0 .90 
0 .90 
0 .93 
0 .80 
0 .95 
0 .94 
0 .95 
0 .81 
0 .63 
0 .79 
0 .80 
0 .78 
0 . 7 9 
0 .81 
0 .45 
0 .81 
0 .59 
0 .85 
0 .77 
0.%8 
0 .73 
0 .52 
0 .72 
0 .70 
0 .66 
0 .63 
0 .71 
0.00 
0 .68 
0 .38 
0 .7* 
0 .60 
0.00 
- 0 . 6 3 
- 0 . 2 3 
- 0 . 5 8 
- 0 . 6 0 
-0 .55 
- 0 . 5 8 
- 0 . 6 3 
0 .09 
- 0 . 6 3 
-0 .16 
-0 .75 
- 0 . 5 2 
0 .03 
6.33 
(Tabl* XZXI oontlau«d) 
Blooides PR« R, f * f "B 
(o) Sodlun nitr«t« (l^) 
Aldloarb 
Bav l s t in 
Carbofuran 
DPVP 
niazinon 
DioieoroD 
Ekatin 
Fo l i th ion 
Mala th ion 
Natasystox 
Oxanyl 
Pa rath ion oiathyl 
Rogor 
0 .89 
0;82 
0 .95 
0*98 
0 .88 
1.00 
0 .89 
0.96 
0 .98 
0 .95 
0 .97 
1.00 
0.96 
0 .83 
0 .7* 
0.86 
0.86 
0 .71 
0.85 
0.77 
0«%8 
0.87 
0.74 
0 .82 
0 .89 
0 .48 
0.76 
0.65 
0.76 
0.74 
0 .54 
0 .70 
0.64 
0 .00 
0.76 
0 .58 
0.66 
0 .78 
0.00 
- 0 . 6 9 
- 0 . 4 5 
- 0 . 7 9 
«0 .79 
- 0 . 5 9 
- 0 . 7 5 
- 0 . 5 2 
0 .03 
- 0 . 8 3 
- 0 . 4 5 
-0 .66 
- 0 . 9 1 
0 .03 
6.34 
Tabl« XXXII* fiff«ot ot CatloDlo Surfaotant on tha Novaaent of 
Blooldaa in S i l t Loan Soil (MoTaatnt Bxpraaaad 
as FB t^ B ,^ 1^ aod B^ Valuas) 
Biocldae FB. R, h «M 
Oatyl trlnethyl anasoniuo) bromide (i%) 
Aldloarb 
Bavis t ln 
Carbofuran 
rmvp 
Dlazlnon 
Blnaoron 
Ekatln 
Pol l tb lon 
Malatblon 
Nataaystox 
Oxa^rl 
Paratbion aatbyl 
Bogor 
0.35 
0.00 
0 .15 
0.00 
0 .73 
0 .65 
0.86 
0.00 
0.00 
0 .68 
0 .73 
0 .00 
0.32 
0 .23 
0.00 
0 .11 
0.00 
0.55 
0.45 
0 .73 
0.00 
0.00 
0.34 
0 .59 
0 .00 
0.16 
0 .10 
0 .00 
0 .06 
0 .00 
0 .37 
0 .25 
0 .60 
0 .00 
0 .00 
0 .00 
0 .45 
0 .00 
0 .00 
0 .52 
0 .00 
0 .91 
0 .00 
- 0 . 0 9 
0 .09 
- 0 . 4 3 
0.00 
0 .00 
0 .29 
- 0 . 1 6 
0 .00 
0 .72 
6.35 
fable XXXIII. £ff«ot of Catlonlo Suriaotaat on tha MoYamant of 
Biooldaa In Sandy Loaa Soil (Hovaiient Bxproaaad 
as FB^t Rf» UQ and B^ Valuaa) 
Blooldas FR. B. 
Oatyl trliMthyl awBonluiB bronida {i%) 
Aldloerb 
Bav l s t ln 
Carbofuran 
BDVP 
niazlnon 
Plmaoron 
fikatio 
Fo l i th lon 
Nalatbion 
Ma ta ay at ox 
Ozaiq^l 
Parathlon iiathyl 
Rogor 
0 .32 
0.00 
0.15 
0 .80 
0.71 
0 .1^ 
0 .90 
0 .60 
0.26 
0.66 
0 .6s 
O.SO 
0.92 
0 .23 
0.00 
0 .08 
0 .65 
0 .55 
0 .63 
0 .78 
0 .30 
0 ,13 
0 .33 
0 .53 
0 .10 
0.4i6 
0.1% 
0.00 
0 .00 
0 .50 
0 .59 
0.^5 
0 .66 
0 .00 
0 .00 
0 .00 
0.%0 
0 .00 
0 .00 
0 .52 
0 .00 
1.06 
-0 .27 
- 0 . 0 9 
- 0 . 2 3 
- 0 . 5 5 
0.37 
0 .63 
0 .31 
- 0 . 0 5 
0 .95 
0.07 
6,36 
Table XXiav. Effect of SoAiam Saturated Slit Loan Soil on the 
MoYenent of Dlooidee (Novesaent Bxproesed as 
PR^t X^, Bg and M^ ?alue») 
Blocidds F8, 
Aldioarb 
Bavis t in 
Carbofuran 
BDVP 
Diasinon 
Dioieoron 
Ekatin 
Pol i th ion 
Malathion 
Metasyetox 
Ox»«y^ 
Parathion Bsethyl 
Rogor 
1.00 
0.92 
0.97 
0 .92 
0 .62 
1.00 
0 .95 
0.96 
1.00 
0 .83 
0.90 
1.00 
0.96 
0 .92 
0 .82 
0.8% 
0.76 
0.70 
0 .90 
0 .85 
0 .48 
0 .89 
0.70 
0 .71 
0 .88 
0 .48 
0 .83 
0 . 7 2 
0 . 7 1 
0 .60 
0 .57 
0 .80 
0 .74 
0 . 0 0 
0 .77 
0 .56 
0 .52 
0 .75 
0 .00 
-1 .06 
-0 .66 
- 0 . 7 2 
- 0 . 5 0 
- 0 . 3 7 
- 0 . 9 5 
- 0 . 7 5 
0 .03 
- 0 . 9 1 
- 0 . 3 7 
- 0 . 3 9 
-0 .87 
0 . 0 3 
6.37 
Tabl« XXV* Sff«ot of CaloluB Saturated S i l t Loam Soi l on tha 
Movenant of Biooldaa (MovaflMint Expraaaad a« 
Biocldas 
Aldioarb 
Bavlstln 
Carbofuraa 
BTIVP 
niaz lnon 
Dimaoroa 
Ekatln 
F o l i t h l o n 
MalathloQ 
Hat a ty St ox 
OzaoQrl 
Paratbion aathyl 
Rogor 
PR^ 
0,91 
0 .77 
0 .09 
0 .88 
0 .88 
1.00 
0 .89 
0 .93 
0 .95 
0.69 
0.77 
0 .99 
0 .85 
I————"'" 
«f 
0 .83 
0 .39 
0 .62 
0 . 6 9 
0 .60 
0 .90 
0 .81 
0.^7 
0 .86 
0.%5 
0 .59 
0 .50 
0.4i3 
0 .75 
0 .00 
0 .35 
0 . 4 9 
0 .32 
0 .80 
0 .72 
0 .00 
0.76 
0 .25 
0 .40 
0 .00 
0 .00 
1— 
- 0 . 6 9 
0 .19 
-0 .21 
•0 .35 
-0 .18 
-0 .95 
- 0 . 6 3 
0.05 
- 0 . 7 9 
0 .09 
-0 .16 
0 .00 
0.12 
6 .36 
f a b l « x n v i . fiff«et of Hydrogen Saturated S i l t Loati S o i l on tho 
Uowmmt of Biooidas (Noraneat Sxpraasad aa 
Biooldaa Fft. h «M 
Aldloarb 
Baviatin 
Carbofaran 
vmvP 
niazioon 
Dimeoron 
Ekatin 
Folltbion 
Malathion 
Mataayatoz 
Oxaayl 
Farathion vathyl 
Bog or 
0,88 
0.70 
0.85 
0.80 
0.89 
0.90 
0.90 
0.80 
0.95 
0.63 
0.62 
0.90 
0.82 
0.76 
0.35 
0 .58 
0 .60 
0 .55 
0.77 
0 .73 
0.%0 
0 .75 
0 .41 
0 ,42 
0 .45 
0 .41 
0 .63 
0 .00 
0 .31 
0 .40 
0 .25 
0 .63 
0 .55 
0 .00 
0 .55 
0 .19 
0 .22 
0 .00 
0 .00 
- 0 . 5 0 
0 .27 
- 0 . 1 4 
- 0 . 1 8 
- 0 . 0 9 
- 0 . 5 2 
- 0 . 4 3 
0.18 
-0.48 
0.16 
0 .14 
0 .09 
0 .16 
6.39 
6*% Discussion 
Organio aattiir Inorcattt tb« adtorptive oapaoity of a 
soil wbiob Inoraaaes tba B^ faluaa and daoraasaa tha moMlity 
of blooldas. The fV9rM0 affaot to laatasyBtox oould bt dua 
to tha prafarentlal adsorption of tbe obanioal on tba active 
sltaa In soil raleasad by dastruotlcm of organic natter . 
Hoveoent of blooldaa daoraaaad wban oalolum oarbonate 
was added to tbe soils because it acts as an adsorbent. Tbls 
results in tbe reduced UM and B^ •alues ai^ increased iu values 
of biooldes* Hlgber adsorptlmi reduces tbelr upward leacb-
ablllty In botb tbe soils* Tbese results are in accordance 
wltb tbe results of Nearpass * • 
Decreased ooveaMint in flyasb nlgbt be due to Its acting 
as a good adsorbent because of tbe presence of quartz, alumina, 
141 
silica, calcite, aaorpbous oarbon and snail quantity of line 
due to its possolanic cbaracter and abundant active sites* 
Based on B|| values, tbe novenent of biocldes wltb saline 
additives in soils follows tbe order CaSO. > HgSO. > NaHCO, > 
h h 3 
NagCO. > Na.S0^ for aidlearb, bavist in, carbofuran; MaBCO. > 
Na CO > CaSO^ > MgSO^  > N g^SO^ ' « ' dinecron; CaSO^ > MgSO^  > 
Na SO. > NaHCO, > Na CO, for DDTP, diaslnon, ekatln, nslatblon 2 h 3 2 3 
and oetasystoxi Na CO- > NaHCO > CaSO. > MgSO^  > ^*2^^% '***" 
fo l l tb lon , paratblon netbyl and rogor and Caso^ > MgSO^^^  > Ma^ CO* > 
NaHCO, >Na SO. for oxa^grl in s i l t loan soi l* In sandy loan 
6.%0 
• o i l , th« aov^aent follows the ord«r C«SO^ > MgSO^  > NaHCO. > 
Na.CO. >lia SO. tor aldioarb, bavlatln, oarbofuran, TJBVP, 
^icBeoron, oiiatia, isalatbioa aad oxaiaifl aafl Na^ CO^ > N^CO. > 
CaSO^ > H K $ 0 . > Na SO. for dlaaclnoa, folitbioiii aoataftystox* 
paratblon netby^l ana rogor. ftia aoveaent of blooides vat aK>ra 
in saline s a l t s than in altcallns s a l t s . Tbls variation oould 
be du« to differenoas in tb« adsorption bebaviour of biooides 
in tbe presence of different s a l t s because tbese sa l t s have 
weak base anions, e«g» sulpbats or strong base anions, e . g . 
carbonates and bioarbonates. These results are therefore in 
4% accordance with those of Singh et a l . 
Based on tL. values, the noveosnt of biooides in s o i l s 
amended with inorganic f e r t i l i z e r s follows the order Nfl.NO > 
NaNO > KCl for DnVP, diasinon, elcatin, laalathioa, oxasQ l^ and 
rogor; NaNO- > ICl > HH.NO for aldlcarb, bavist in, carbofuran 
and dinsoron; NH^ NO- > KCl > NaNO. for paratblon aethyl and 
NaNO- >NH.NO. > IBl for fol i tbion in s i l t loam s o i l . In sandy 
loaa so i l i t follows the order NaNO > IBl > NB^ NO for aldlcarb, 
bavist in, carbofuran, 1)D?P, dinsoron, fo l i tbion, oalathion, 
netasystox, paratblon Mtbyl and rogor and KCl >NaNO >NR.NO. 
for diasinon, elcatin and ozaiiyl. 
The oailced Increase in B^ values of surfactant amended 
s o i l s i s due to the aggregation and interaction of surfactants 
with s o i l a ioe l les resulting in the decrease in pesticide 
nobi l i ty . Hower "^ obtained the saae results when studying 
6*41 
adsorption of •urfaotants oo •ontaori l lonl t* . 
R«ault» on •xohangaabl* Ions ara in accord with tha 
work of Dragna at a l , ^ , Slngbat and Slngb * and Supak at al,^^2 
who atudiad tha blghar novaMent of 2,4«D, dliaaoron and aldloarb 
16 3 in H-aaturatad aoila* Leanhaar and Ablirioha "^ have also 
ohtainad higher adsorption of parathion in H^saturatad cation 
« 
exchange resin than Ca*saturat«d ayataota* fhe fact that 
hydrogen saturated adsorbents exhibit greater hydrophobic nature 
th4m the More hydrophilic CsHEidsorbenta, Might explain higher 
biocide adsorption capacity in the former* 
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TECHNICAL NOTE 
A NEW SPFCIFIC SPOT TEST FOR THE DETECTION 
OF MALATHION IN WATER 
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Abstract This papei describes a new specihc colorimelric spot test for the detection of maUthion 
residues in water Activated chaicoal is used to recover and concentrate malathion from water samples 
Ethanolic malathion solution is hvdiolysed with potassium hydroxide to give potassium fuinarate which 
gives a red colour on heating with acetic anhydride Lower limit of detection is 1 mg 1 ' 
INTRODl ( HON 
There is a growing interest (Joigovic Kiemzer 1968) 
in the development of specific sensitive leproducible 
rapid and simple methods foi the analysis of organo-
phospliouis pesticides because of then mci easing pro-
duction and application in crop-protection Malathion 
residues in watei have been delermined mostly by 
instiumenlal methods (Askew </ <;/ I''(i9 Ripley i( 
al l')74 VVission (/ i(/ 1976) Amongst the methods 
available colorimeliy has been loiiiid to be simple 
and inexpensive An oiiginal coloiinietiic [iioceduic 
(Noiiis </ ill 19.'i4) was successfully used toi the 
analysis ol malathion lesidues in a variety ol fiuits 
cereals and animal piodiicis Recently a new coloii-
mettic pioceduie (C laik t^ Qa/ i . 1980) based on the 
hydrolysis of malathion to dimethyldithiophosphate 
and the comple\ation of the latlei with Bi(IIl) has 
also been lepoited Lower limit of estimation is 
0 'i2^ mg I ' Our previous work shows that polycai-
boxylic acids or their salts give a biown/red coloui on 
heating with acetic anhydride (Rathore ct cil 
198()a b c) Mal.ilhion is known to split into 
DMPFA and diethyl fumaiate (Edwards. 197^) The 
latter gets hydiolysed (when heated with KOH) to 
potassium fumaiate which gives a red colour on heat-
ing with acetic anhydiide Thereloie an attempt has 
been made to detect malathion in acidic basic and 
saline wateis as well .is in the piesence ol some phos-
phoitis pesticides bv this nevvlv developed spot test In 
oidei to laise the scnsitivitv ol the test chaicoal has 
been used to leeovei and concenliate malathion liom 
watei samples I he lesulis obtained <iic siimmai i/eil 
in this papei 
h\l ' l KIMHSI Al 
K i ( l ( / i ' » ^ lliul 1 In IIIHill\ 
Ac|Ucoiis Ol ethanolic solulioiis ol llic test subsl.mccs 
(!',) woie piepaicd When it was not possible to picpaic 
I solution a saturated solution was prepared Potassium 
hydroxide (1"J solution in watei 
Aclnuti'tl ihunoal 
All chemicals and icagcnts were of analytical reagent 
grade except acetic anhydiide (BDH Laboiatory reagent) 
Diiizinon 0 0-dicthyl 0 (2-isopropyl-6-methyl-4-pyri-
midinyhphosphorothioatc solvents (20' „ w w) and ad|U-
vaiits (XO w w) R.illis India I td Bombay 
l>inhtlu)iiu O O diiiiclliyl S-(2 melhyl.iniiiio 2-oxoctliyl) 
phosphorodithioate solvents (W>„ w w) and other adju-
vants (70",,, w/w) Rallis India Ltd Bombay 
Ihihloiios 2 2-dichloiovmvl OO-dimethvl pliosph.ite 
solvents (76' w w) and other ad|uvanls (24 w/w) All 
India Medical Coipoiation Bombay 
/ I'liiiiolliion 0 0 dimethyl 0-(3-melhyl-4-nitrophenyl) 
phosphoiothiodtc solvents (50"„ w/w) and other adjuvants 
(M)", w/w) Bayer India Ltd, Bombay 
I onmiiluon S-2 lloiniylniethylamino 2 oxoethyl) 0 0-
dimethyl phosphorodithioate solvent (2S , w w) and other 
ad|uvants (75"„ w/w) Sando/(India) Lid Bombay 
MiiUiihion 0 0-dinielhvl phosphorodithioate of diethyl 
mcrcaptosuccinatc or [(dimcthoxy phosphinothioyi) ihioj 
dicthvl butancdioatc solvents (SO',, w/W) and other adju-
vants (S0'„ w/w)Cydnamid India l td Bombay 
I'uralluon 0 0-diethvl 0-(/i nitrophcnyl) phosphoro-
thioate solvents (98 5" w/w) and oilier adiuvanls (1 5"„ 
W/W) Monsanto Chemical Co St Louis MO U S A 
Puru!/iii)(i(met/nO 0 O-dimethyl 0-(/)-nilrophenyl) phos-
phorothioatc solvents (X0"„ w w) and other adjuvants 
|2()'„ w w) Monsanto Chemical Co St Louis MO U S A 
I'hosphaimdon 2-chloro-l-(diethylamino)-1 -methyl-1-
o\o-l-propenyl diniethvl phosphate (100" w w) Bayer 
India 1 td Bombay 
I luoimiDii S-(2-(ethvlthio) ethyl] OO-dinielhyl phos-
phoiodilhmatc solvents (2'i"„ w w) and other adjuvants 
(7s'„ w w) Sando/(India) Ltd Bombay 
ipiHiiiiliis An aluminium heating block m.iintaincd at 
Ms + 'S ( Renii centiifuge 
I'mi t i/ii/i 
(niuKil All aqueous solution ol the test substance 
(06mg) and 2 ^ diops ol polassuim hvdioxide (I 2 mg) 
wcic taken in a micio lest tube heated to remove all niois-
tuie and solvent acetic anhydiide (6 or 7 drops) was added 
.iiul the contents wcie hc.itcd again loi S mni in a heating 
block maintained at H^ f s C I lie colour developed was 
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Table 1 Detection of malathion in the presence of lorcign substances 
Sllbsl ItKLS 
1 
Amii ioni i rm i. i rhoi i I (L 
( i km i i i t i i h . u i j l i 
( iL i i i i i ) >\ iKtiL 
t i)p|Kr siilph Ik 
( UpllMI^ J l l l l l l l k 
1 >.lriL L l l l o i kk 
M IJJIKsHiMl Mitpll l lL 
M i^iKsiijtn >.hliiriav 
M.it l iKsnim mn tK 
M.IJIIKMUIM IriMlll. Ik 
Pol tssiimi Milph Ik 
P >1 nsl i i i l l l u a i . \hk 
Stnliitiii h io r imk 
Sodium m i l . I l l 
Sodaiin siilpliidt. 
Sodium ii-Ll Ut 
Sodiuni biL uboTi lU 
SI itinous l i i l ond i . 
/ M K . i c tk lk 
t l i loniK V. i k i 
Pirchior i i . iLid 
^mv l i ko lk i l 
M i l h v l akohol 
I k i i / i m u k 
Aii i l ini . 
Dipheiiylamirk. 
A L H ui i l idt 
A /o bcn/trlL 
DixlrosL 
M lIlOSL 
A m o u i 
H i n / i k k i u d i . 
P i i i k k h v d i 
\ ini l l in 
1 l l n l k i l i k 
l l m l n l i l l i i i 
\ m i l r o k 
Indok 
NrL,.lMii, l ud 
I l l K Kul 
Hu i / t i i t 
k u .siiK >il 
1 1 K Ik 
N^UOll L 
Ai-^ln. 
AlauuK 
( i l i i i . 
hum ir i t 
Hippuni. 
M i l i t 
M ikii l lL 
Dia/mon 
D D V P 
1 o in io l l i io i i 
P u i l l l i o i i l t iK lhv l l 
n i i o i iK io i i 
PllLllol 
\Ud ioqu ino in . 
Roo iL imi l 
1 U 1 
D i k i p u i K 
l l l l R l d M>ll 
( m i M 
1 ,p » , k . 
I l l 
••U 
N( 
N( 
N( 
N( 
K 
N( 
NC 
\( 
S ( 
N ( 
N t 
N ( 
N ( 
N l . 
N ( 
NC 
NC 
NC 
N l 
N ( 
NC 
NC 
NC 
NC 
NC 
1 K 
1 R 
N ( 
N ( 
NC 
NC 
NC 
NC 
N ( 
NC 
N ( 
NC 
NC 
N ( 
NC 
NC 
NC 
NC 
U 
UK 
NC 
1)1 ^ 
V 
NC 
11 
NC 
NC 
1 H 
1 K 
H 
I C I 
NC 
NC 
N ( 
( N ( 
N ( 
Coloi 
n i l 
1 K 
1 
1 •! 
1 l< 
l<(i 
R 
\ 11 
NC 
\ l N 
1 U 
NC 
NC 
1 R 
1 R 
V I H 
NC 
1 K 
1 R 
1 R 
\ 1 l( 
1 l< 
1 K 
1 R 
R 
\ l R 
1 R 
DR 
l)K 
1 R 
1 R 
1 K 
1 R 
1 K 
1 l( 
1 R 
VI 1 
VI K 
V I K 
Hu l l 
1 K 
\ 1 V 
1 K 
1 R 
\ l K 
•i 
l< 
K 
R 
R 
R 
R 
R 
R 
1 K 
R 
R 
R 
O R 
1 R 
R 
K 
R 
1 K 
I k 
( 
1 R 
\ l R 
1 K 
1 R 
1 R 
1 H 
• 
1 •! 
1 1 
( U 
l)R 
R 
C i;(.i 
/ / , k r , J 
1)1.11 
UK 
OR 
1 
ll'll l/l/lIU S 
Aimi ionui i i i l i i l t i nd i 
C i ku i i u mil Ik 
C i k m m i h l o i i d i 
C oppi 1 mil Ik 
1 u i o u s Su lp l i i k 
1 c.id mil Ik 
M IJllKMUm I. 11 boll Ik 
M l^lKMiil l l a i l 111 
M i l i lKvuim I \ d Ik 
i 'o l lss ium lodi ik 
Pol Issuim o\ ll Ik 
S 1 mil I Mho n i l 
111 Sodiimi or lhophospl i i 
Sodium i l i l o r l d t 
Sodium siilpliidc 
Sodium L i ibo i i Ik 
Sodium b \ d l o \ u k 
/ u k slllpll Ik 
Doiii. lud 
l l v d i o i l i l IK k id 
StilphuMi. k i d 
Onfall" ^ 
i ; ill /. 
C . l m i o l 
iMi P i o i n l i l l . lull 
lmi(/i I 
\ \ du i k l i i v l l o im imkk 
,V \ d iph iny l iu i l im . 
t> l u l u id in t 
•Ini/liyis 
((i/u/i(iii*t(K 
rhiili\iiriiu \ 
I k lOM 
SuirosL 
n i l / (iiiiipouiiih 
AlL lop lK l lO lk 
HI N i l r o b i n / i l d i l u d i 
S i l i i y l a l d i hyd i 
t l l i \ i lonu.i lc 
/ i d . " 
l / l l (."lipoHllt/l 
l i i i b i l u r k k i d 
: ' i 1 u t id in i 
Pyr iduk 
IN , „ „ ( l l i i i r . l . r i i m i i o 
C l l loiobLU/l l lc 
Ni l iohLi i /Lnt 
\„iiif I 
l , i , / i 
Ad ip i t 
A'lcoibic 
C VSlUK 
CdyLiiK 
•J Ki.Ui};liit n i l 
M a l m 
0 \ l l o i i i t i i 
/ ' i i ! l i l i / i s 
D i m i l h o i k 
I l l l l l l o l l lH 11 
P i n l l u o i i 
Piio^pli i i l l idou 
I'lli IKl/l 
( ak ' iho l 
i> N i \ i opb ino \ 
Ph io io i ih i imol 
( U (I I 
Ih io i i ru i 
l / i , . ,H„ i i< , i i i -
W i l i r i x l r u l ol 
(111 Mi ld 
Soips 
M u s l i r d oil 
111 
NC 
NC 
NC 
N( 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
\( l l NC 
NC 
NC 
NC 
N l 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
1 R 
NC 
NC 
1 R 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
R 
NC 
NC 
R 
R 
1 IIR 
NC 
1 
N ( 
NC 
R 
\ C 
M R 
NC 
NC 
NC 
NC 
C olour 
l i b 
1 R 
N( 
1 R 
N ( 
NC 
NC 
1 K 
1 \ 
1 R 
1 R 
1 R 
1 R 
1 R 
1 R 
1 K 
1 R 
\ H 
1 R 
VI K 
1 l< 
VI R 
\ L R 
R 
1 R 
R 
1 
R 
L R 
VI R 
O R 
I R 
VI R 
VI R 
R 
1 R 
I R 
VI Y 
R 
l ) R 
\ 1 R 
1 R 
l ) R 
R 
R 
R 
R 
R 
R 
R 
1 R 
I K 
R 
R 
R 
1 ^ 
I I I 
VI K 
\ l R 
N( 
\ l Y 
1 R 
I H 
1 l( 
l)R 
RH 
R 
irown, Abbrevi.Umns BR = brownish red. DR = dark red, I B = light brc 
LBR = liglil brownish rod. LO - hghl orange, LR - hghl red, LY hghl yellow, 
NC" = no colour, OR = orange red, R = red, RB = reddish brown, RG = reddish 
green, VLR very light red, VLY = very light vellow, Y = yellow 
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rccoidcd Till- n-sults obuuntd <in. rccoidtd m I able I 
column Ha 
l.owi'i hmi\ III cliliiltiiii liii inaUilhiiin I lit ihovL pio 
ccdurc was applied lo known volunus ol a sl.indaid sol 
ution of malathion Rod colour indicated the presence ol 
malatliion and lower limit of its deteetK)n was found lo he 
15/(gl ' or lOmgl ' 
Ditciliiiii ol maialhion in llic JKCM/IU «/ liiicuin siih-
sr(i/!((s Malathion (0 6 mgl potassium hydroxide (I 2 mg) 
and the loreign substance (0 6 mg) were taken in a micro 
test lube ind treated iccoiding to the general procedure 
given above I he coloui cievclopcd is given in I ibU I 
column Hb 
DiUiliim III imiliithiDii III nuui M»»/>/< •> A watei sample 
containing a known volume ol a standard solution ol 
malathion was nianuall> shaken with chareo.il 1100 mgl iii 
a test tube foi 2 1 mm ( haicoal was sepaiated by centii 
ftigation and then agitated with 2 ml ol ethanol containing 
2 ^ diops of potassium hydroxide (1 2 mg) The presence ol 
malathion was tested m the supernatant lit|uid by the pro-
cedure given above The lower limit ol detection was lound 
to be I mi! 1 ' which is 10 times lower than that obtained 
without conccntiation Similar tests were earned <nil on 
synthetic samples containing I ml of malathion (0001 ) 
with 9 m\ of I ' aqueous loieign substance m solution 
suspension 1 he coknii so obt lined is given m PabL I 
column lie 
1)IS( I SSION 
riic lest dc'velopcd is a spccilic spot test lot the 
dclc'ctioii ol m.ikilhion in acidic basic .itid saline 
watcts as the othci iimc otgaiiophospliotus pesticides 
tindci (Ills study do no! produce any colour (Table I) 
I Ills lest is lelatively sensitive lapid aiul can be easily 
peiloiiiicd on spot lite iiileileteiice ol nilialcs and 
nittttes 111 the test can be lenioved by heating the 
sample Willi 12 diops ol acetic anhydride fot lOniiii 
I etiic salts give a led coltnii with aeelie anhydiidc in 
the prepense of potassium hydroxide Carbohydrates 
sueh as dextrose, maltose and lactose as well as or-
ganic acids such as .iscorbic. citric, lumaric x-keto 
gUitanc maleic malonic and oxaloacetic acid etc 
give colour in this test These are naturally oecurring 
substances which can find their way into water from 
fruit and vegetables, and as such, thev may interfeie iii 
this test However organic acids mentioned above 
give yellow oiange red colour with sodium formate in 
acetic anhydiide (Rathoie ci ul. 198()ab,c) Since 
malathion does not give any coloui in this test, it can 
be easily dilTerentiated liom the above acids Sonic 
other compounds which may be piesent in watei stich 
as ammonium chioiide calcium carbonate, magne-
sium chloiide magnesium iiisihcale potassumi hv 
dioxule sodium caibonate sodium bic<iibonatc 
sodium chloiidc etc do not give any coloui and 
malathion can be detected in then picsence success-
lully Soaps deteigents uieas ami some otiici nitio 
gen compounds which cause watei pollution do not 
intcileie m the test Thus malathion lesidues can be 
tieteclcd in w.itci in the picseilee ol above pollin.ints 
The watei cxliacl ol lield soil oi sand also does not 
give any coloui so the test can be applied lor the 
detection ol malathion lesiducs in soil oi sand The 
use ol activated caiboii in a lillialion system as a 
means ol lemovmg pesticides has been recommended 
It has been used lo lemove DDT BHC toxaphene 
and lindane (I dwaids 197^) from watei The icsults 
lepoitcd in this papei show that activated charcoal 
can he used to lemove and concctittiite malathion 
lesidues liom water (Iable I) It is clcai liom the 
results that the detection limit in water is 10mgl ' 
which IS not lealistic unless gioss polkition is being 
considered II the test is coupled with adsorption of 
malathion on chaicoal the detection liniil is loweied 
to I mg I ' which IS more leahstic The test thus 
seems to be an excellent mdicatoi loi malathion resi-
dues in watei 
ii knowhilgLinc 111^ We thank Professor Mohsin Qureshi 
C hairman C hemistry Section loi providing lesearch facili-
ties and to Bayei India Ltd Bombay Sando/ (India) 1 id 
Bombay All India Medical (oipoiation Bombav and 
Monsanto ( hemieal ( onipany St 1 ouis MO tj S A loi 
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* Soil ChemiBt, ** Professor, Department of Botany, 
Aligarh Muslim University, Aligarh - 202 001 (India). 
Author for correspondence. 
2121 
Copyn«ht® 1985 by Mucel Dekker, Inc. OO03-2719/85/1818-2321J3.50/0 
2322 SHARMA ET AL. 
mobility of fivs carbamoyl group containing peeticldss 
has been studiad using soil thln-lay»r chronatography. 
The variatioQO in th« R^, Rg and fL. values of aldl-
carb, bavistin, carbofuraa, dimecron and oxamyl under 
different treatments are reported and explained on 
the basis of adsorption and loachability. 
INTRODUCTION 
The subject of fate of pesticides in soils has 
always attracted the attention of scientists all over 
the world in view of their hazardous properties. For 
effectively controlling the target organism, the move-
ment of pesticides in soils plays an important role. 
Considerable work has been done on this aspect and 
the literature has been reviewed by Bailey and White 
2 
and Upchurch . The movement of agrochemicals in 
3 
soils has been studied by McCarty and King using 
soil columno. Helling and Turner reported the use 
of soil TLC as a rapid, reproducible and inexpensive 
method to study the movement of agrochemicals in 
soils. By using TLC, Helling'^ scanned the mobility 
of radio-active pesticides. Singh et al. ~ Ound 
that several factors such as organic matter, particle 
size, pH, calcium carbonate, allialine and saline salts 
etc. influenced the mobility of wide variety of nemato-
cldes such as oxamyl, dazomet, dichlorofenthion. In 
CARBAMOYL GROUP CONTAINING PtSTICIDf-S IN SOILS 2323 
these studies only one type of soil was used. There 
are several carbamoyl group containing pesticides which 
have not heen studied with respect to their movement 
more particularly in Indian soils. Aldicarb, bavis-
tin, carbofuran, dlmecron and oxamyl are commonly used 
pesticides for various agricultural crops. Practically 
no information is available on the effect of various 
factors on the movement of these pesticides. Moreover, 
with oxamyl, the studies were made in one type of 
soils. Hence, the present study deals with the effect 
of pH, organic matter, calcium carbonate, flyash, 
saline, alkaline and neutral salts, inorganic ferti-
lizers, cationic, anionic and non-ionic surfactants on 
the movement of aldicarb, bavistin, carbofuran, dimec-
ron and oxamyl in two different type of soils using 
soil TLC. 
MATERIALS AND METHODS 
Silt loam and sandy loam soils of Aligarh dis-
trict have been used throughout the studies. The 
physico-chemical properties of soils as given in 
Table I were determined by standard techniques. The 
percentage of sand, silt and clay were determined by 
the standard sieving and hydrometier method . The 
pH was recorded in 1:5 soil-water suspension at 25 
+ 1°C with a EliCO pH-meter model LI with calomel and 
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g la s s e lec t rode assembly, organic mat ter by Walkley 
12 
and Black method and cat ion exchange capacity by 
1 'S Jackson ' s method ^. The s o i l s were ground and passed 
through a 100 mesh sieve to obtain samples with a 
small and near ly homogeneous p a r t i c l e s i z e . Clean 
g l a s s p l a t e s (20 x 20 cms) were coated with a water 
s lu r ry of s o i l samples (0 .5 mm th ickness) with the 
help of TLC spreader . After a i r drying the p l a t e s , 
two l i n e s at 3 cm and 13 cm above the base were 
scr ibed to maintain the standard development d i s tance 
of 10 cm. Aldicarb (2-methyl-2(methyl thio)p^opional-
dehydo 0-(methyl carbamoyl) oxime; bav i s t in (methyl-2-
benzamidazole carbamate); carbofuran ( 2 , 3 - d i h y d r o - 2 , 2 ' -
dimethyl-7-benzofurRnyl methyl carbamate); dimecron 
(0 ,0-dimethyl 0 - (2 -ch lo ro -2 -d i e thy l carbamoy1-1-methyl 
vinyl) phosphate and oxamyl (methyl N'-N'-dimethyl-N 
(methyl carbamoyl)oxy-1-thio oxamimidate) wore applied 
as spots on the TLC p l a t e s with the help of 1 pL 
p i p e t t e 3 cm above the bottom of the p l a t e s . A 2 cm 
wide s t r i p of paper towel, moistened with d i s t i l l e d 
water , was wrapped around the bottom of the p l a t e s . The 
loaded p l a t e s were then eluted with d i s t i l l e d water by 
ascending chromatography in a g l a s s tank . 
Since i t was d i f f i c u l t to get r id of organic mat ter 
completely, at tempts were made to remove i t to the mai l -
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mum poBBible (85^) from the e o i l s by t r e a t i n g them u l t h 
30^ H2O2 ^ for the e tud ies deal ing v l t h i t s effect on 
movement. 
In order to study the e f f ec t s of d i f fe ren t add i -
t i v e s on the mobi l i ty of p e s t i c i d e s , CaCO, (5 g/lOO g 
s o i l ) , flyaoh (5 and 10 g/l©0 g s o i l ) , calcium sulphate , 
magnesluin su lphate , sodium Bulphate, sodium bicarbonate , 
sodium carbonate, potassium ch lor ide , sodium n i t r a t e 
and ammonium n i t r a t e (1 g/lOO g so i l ) were mixed in the 
s o i l samples. 
The e f f ec t s of c a t i o n i c , anionic and non-ionic 
surface ac t ive agents was studied by mixing 1 g each of 
c e t y l t r ime thy l ammonium bromide, sodium dodecyl s u l -
phate and manoxol 'OT' per 100 g of s o l l o . 
To study the e f f e c t s of hydrogen, calcium and 
sodium i o n s , these s o i l s with H-, Ca- and Na- ions vere 
15 
prepared by Aldrich and Buchnan's method . The hydro-
gen sa tura ted s o i l s irere used immediately a f t e r passing 
through the H-Dowex-50-W-X8 cat ion exchange r e s in to 
avoid the movement of aluminium ions . 
In a l l these e tud ies the eluted p l a t e s were a i r 
dried at room temperature . Aldlcarb, b a v t s t l n , carbo-
furan and oxamyl were detected by spraying the p l a t e s 
with 5% methanollc KOH followed by 0.1% p-ni t robenzene-
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diazonlum tetrafluoroborate while dimecron was detected 
by spraying 0.59^  brilliant green in acetone. Violet 
coloured spots indicated for aldicarb, baviotin and 
carbofuran while an orange spot appeared for oxamyl and 
a pale yellow spot on the dark green background for 
dimecron. 
The movement of the pesticides was expressed in 
terma of R^^^, Rg^ "^  and R^^^ values as R^ = ^ ( ^^ ^ ) 
where R_ and R, denote the tailing and lateral fronts 
respectively; 
Distance moved by bottom of spot 
° Distance travelled by eluent 
and for the high degree of reproducibility of the 
results were discussed on the basis of R^ values, 
because Rj^  values considered as standard are obtained 
by the relation: 
RESULTS AND DISCUSSION 
When natural soils were used as an adsorbent and 
distilled water as eluent, the R«, R_ and R-. values 
showed lateral movements of all the pesticides in both 
types of soils (Table II). The movement of all the 
pesticides was generally greater in sandy loam soil. 
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On the basis of EL, values the maxioum movement of 
dimecron wao observed in silt loam soil while that of 
aldicarb was in sandy loa™ soil. The R-. values of 
oxamyl being maximuin exhibited the minimum movement 
in both the soils. On the basis of Rj. values the 
movement of pesticides follows the order dimecron > 
aldicarb > bavistin > carbofuran > oxamyl in silt loam 
soil and aldicarb > carbofuran > dimecron > bavistin > 
oxamyl in sandy loam soil. 
Removal of organic matter increased the mobility 
of pesticides in both soils because of less adsorptive 
capacity. Its destruction decreaaes the adsorption 
resulting in an increase of R« and R^ and a decrease 
in Rjj, values. 
When 5^ calcium carbonate treated soils ware used 
as adsorbent, the movement of all the pesticfides dec-
reased in both soils (Table III) . Since calcium 
carbonate acts as an adsorbent It probably reduces 
the Rj and R_ values and increases the R« values due 
to higher adsorption of these chemicals on the surface 
thereby reducing their upward leachabillty. These 
19 
results are In accordance with those of Nearpass '. 
Addition of 5^ flyash to the soils decreased the 
movement of carbofurem, dimecron and oxamyl and in-
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Table III. Effect of calcium carbonate and flyash on 
the movement of peetlcides in soils (move-
ment expressed as R-, R„ and R^) 
Peoticides 
Aldlcarb 
Baviatin 
Carbofuran 
Dimecron 
Oxamyl 
Aldlcarb 
Bavlstin 
Carbofuran 
Dimecron 
Oxamyl 
Soils 
(a) Calcium 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
(b) Fly 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
«f 
carbonate 
0.65 
0.80 
0.56 
0,65 
0.61 
0.66 
0.66 
0.69 
0.43 
0.46 
aeh (5^) 
0.87 
0.92 
0.86 
0.91 
0.60 
0.79 
0.80 
0.76 
0.58 
0.66 
% 
(5!^ ) 
0.56 
0.73 
0.35 
0.45 
0.50 
0.48 
0.62 
0.60 
0.30 
0.32 
0.78 
0.83 
0.78 
0.81 
0.55 
0.68 
0.70 
0.58 
0.48 
0.50 
continued 
«M 
-0.27 
-0.60 
-0.10 
-0.27 
-0.19 
-0.29 
-0.29 
-0.35 
0.12 
0.07 
-0.83 
-1.06 
-0.79 
-1.00 
-0.22 
-0.58 
-0.60 
-0.50 
-0.14 
-0.29 
• • • 
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Table III, continued ... 
Pestlcldoa Soils 
(c) Plyash (1 09<) 
Aldlcarb 
BaTiBtln 
Carbofuran 
Dimecron 
Oiamyl 
k 
B 
A 
B 
A 
B 
A 
B 
A 
B 
0.80 
0.85 
0.65 
0.73 
0.43 
0.68 
0.57 
0.76 
0.48 
0.53 
0.69 
0.77 
0.41 
0.66 
0.00 
0.50 
0.40 
0.62 
0.23 
0.23 
-0.60 
-0.75 
-0.23 
-0.43 
0.12 
-0.33 
-0.12 
-0.50 
0.03 
-0.05 
A =• Silt loam soil; B = Sandy loam soil. 
creaaed that of aldicarb and bavistin in both the soila 
(Table III) . When the concentration of flyash wae in-
creased to 10^ 1 in soils, the movement of all the pesti-
cides decreased In both the soils in comparison with 
of 5^ and unamended soils. When flyash was used as 
static phase the movement of carbofuran was greatly 
2332 SHARMA ET AL. 
retarded (Rg = 0) in silt loam soil as compared to 
other pesticidec. Flyaah may act ae an adsorbent 
•because of the presence of quarts, alumina, silica, 
coceite, amorphous carbon and small quantity of lime . 
Calcium sulphate, magnesium sulphate, sodiun sul-
phate, sodium carbonate and sodium bicarbonate in the 
concentration of 1^ were mixed with soil to study the 
effect of salinity and alkalinity (Table IV). These 
salts contain weak base anions, i.e. sulphates and 
strong base anions, i.e. carbonate and blcarbonates. 
When these salt amended soils were used as adsorbent 
and distilled water as eluent, the movement of all the 
pesticides was highest in calcium sulphate in both the 
soils except dimecron in silt loam soil. The least 
movement of all the pesticides was observed in sodium 
sulphate in both soils. The movement of pesticides 
follow the order CaSO^ > MgSO, > NaHCO, > NapCO, > 
Na-SO. for aldicarb, bavistin and carbofuran and 
NaHCO, > Na2C0, > CaSO. > MgSO. > Na^SO. for dimecron 
and CaSO, > MgSO. > NaHCO, > Na2C0, > Na2S0. for oxamyl 
in silt loam soil. In sandy loan soil the average 
movement of all the pesticides follow the order CaSO.> 
MgSO. > NaHCO, > NajCO, > NajSO.. The movement of 
pesticides was more in saline salts than in alkaline. 
The maximum IL, values were observed in neutral salts 
showing minimum movement in both the soils. In silt 
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loam soil, the minimum EL, values were observed In 
saline ealts for all the pcBticides except dlmecron. 
These results are therefore In accordance with those 
of Singh ftt al.^*^ 
When inorganic fertilizers were used as adsorbents 
with soils, the oinimum IL. values were obtained in soil 
amended vith sodium nitrate while that of oxamyl was 
least in potassium chloride amended silt loam and sandy 
loam soils (Table V ) . The fL, values follows the order 
NaNO, > KCl > NH.NO, for aldlcarb, bavistin, carbofuran 
and dlmecron and KCl > NaNO, > UH .NO, for oxamyl in 
both the soils. This is due to the similar pattern of 
pH of the amended soils except for oxamyl. 
When cationic, anionic and non-ionic surfactants 
vere used in static phase and distilled water as eluent, 
the anionic and non-ionic surfactants (sodixim dodecyl 
sulphate, 1^, and manoxol OT, ^%) exhibited a signifi-
cant effect on the action of the soils resulting in 
great reduction in water movement. On the other hand, 
in cationic surfactants (cetyl trlmethyl ammonium bro-
mide, 1^) amended soils the movement of all the pesti-
cides was greatly reduced. In this study bavistin 
showed no movement in any of the two soils tested 
(Table VI). The marked decrease in the R^ and Rg 
values of the pesticides was due to the aggregation 
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Table IV. Effect of different saline and alkaline 
salts on the movement of pesticides in 
soils (movement expressed as R., R- and 
Pesticides 
Aldicarb 
Bar!at in 
Carbofuran 
Dimecron 
Ozamyl 
Aldicarb 
Bavistin 
Carbofuran 
Dimecron 
Oxamyl 
Soils 
«f 
(a) Calcium sulphat 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
(b) Magneeixim 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
0.78 
0.86 
0.68 
0.88 
0.64 
0.88 
0.58 
0.83 
0.55 
0.84 
sulphate 
0.76 
0.84 
0.56 
0.83 
0.64 
0.83 
0.56 
0.81 
0.54 
0.81 
h 
;© (1X) 
0.60 
0.78 
0.51 
0.84 
0.45 
0.82 
0.40 
0.70 
0.38 
0.67 
(1^) 
0.63 
0.68 
0.37 
0.65 
0.43 
0.65 
0.37 
0.64 
0.29 
0.70 
continued 
^ 
-0.55 
-0.79 
-0.33 
-0.87 
-0.25 
-0.87 
-0.14 
-0.69 
-0.09 
-0.72 
-0.50 
-0.72 
-0.10 
-0.69 
-0.25 
-0.69 
-0.10 
-0.63 
-0.07 
-0.63 
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Table IV. continued 
PeaticideB 
Aldicarb 
BaTiatln 
Carbofuran 
Dimecron 
Oxamyl 
Aldicarb 
Bavistin 
Carbofuran 
Dimecron 
Oxamyl 
Soils 
(c) Sodium 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
(d) Sodium • 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
Rf 
sulphate 
0.44 
0.74 
0.37 
0.45 
0.43 
0.66 
0.52 
0.71 
0.35 
0.68 
carbonate 
0.47 
0.81 
0.46 
0.79 
0.45 
0.71 
0.59 
0.74 
0.37 
0.71 
H 
(1?6) 
0.32 
0.53 
0.26 
0.00 
0.36 
0.39 
0.38 
0.50 
0.25 
0.52 
(1^) 
0.33 
0.63 
0.38 
0.60 
0.39 
0.48 
0.42 
0.55 
0.26 
0.42 
% 
0.10 
-0.45 
'0.23 
0.09 
0.12 
-0.29 
-0.03 
-0.39 
0.27 
-0.33 
0.05 
-0.63 
0.07 
-0.58 
0.09 
-0.39 
-0.16 
-0.45 
0.23 
-0.39 
continued ... 
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Table IV. continued 
Pes t ic ideB Soils ^ «M 
(e) Sodium bicarbonate (I'Jfi) 
Aldicarb 
B a r i s t i n 
Carbofuran 
Dinecron 
Oxamyl 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
0.49 
0.84 
0.50 
0.80 
0.52 
0.78 
0.67 
0.81 
0.47 
0.76 
0.48 
0.68 
0,40 
0,60 
0.33 
0.63 
0.53 
0.61 
0.34 
0.51 
0.02 
-0 .72 
0.00 
-0 .60 
-0 .03 
-0 .55 
-0.31 
-0 .63 
0.05 
-0 .50 
A = Silt loam eoil; B = Sandy loam eoil. 
and interaction of the surfactants with soil micelle 
21 
causing a decrease in their mobility 
In the study on the effect of exchangeable iona, 
H-, Na- and Ca- treated soils were used as adsorbent 
(Table VII). The movement of all the pesticides 
studied was higher in Na- ooil followed by Ca- and H-
22 
sol 1B, which confirms the work of Dregne e t a l . ; 
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Table V. Effect of some inorganic fertilizers on the 
moTement of pesticides in soils (movement 
expressed as R^, B_ and R^) 
Pesticide* 
Aldicarb 
Baviatin. 
Carbofuran 
Diaecron 
Oxamyl 
Aldicarb 
Bavlstln 
Carbofuran 
Dimocron 
Oxamyl 
Soils 
(a) Ammonium 
A 
B 
A 
B 
A 
B 
A 
B 
A 
S 
(b) Sodium 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
Rf 
nitrate 
0.60 
0.78 
0.-59 
0.62 
0.55 
0.78 
0.70 
0.75 
0.62 
0.78 
nitrate 
0.74 
0.83 
0.56 
0.74 
0.64 
0.86 
0.72 
0.85 
0.63 
0.82 
^ 
(19^) 
0.50 
0.69 
0.20 
0.49 
0.37 
0.68 
0.55 
0.60 
0.50 
0.66 
(19«) 
0.61 
0.76 
0.44 
0.65 
0.52 
0.76 
. 0.58 
0.70 
0.51 
0.66 • 
cont inued 
% 
-0.18 
-0.55 
0.19 
-0.21 
-0.09 
-0.55 
-0.37 
-0.48 
-0.21 
-0.55 
-0.45 
-0.69 
-0.10 
-0.45 
-0.25 
-0.79 
-0.41 
-0.75 
-0.23 
-0.66 
• • • 
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Table 7. continued ... 
Pesticldea SOIIB R- R f "B ^ 
(c) Potassium chloride (1^) 
Aldlcarb 
Bavi otIn 
Carbofuran 
Dimecron 
Oiaayl 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
0.65 
0.81 
0.55 
0.63 
0.57 
0.79 
0.71 
0.79 
0.64 
0.85 
0.58 
0.73 
0.35 
0.52 
0.44 
0.72 
0.55 
, 0.63 
0.53 
0.74 
-0 .27 
-0 .63 
-0 .09 
-0 .23 
-0 .12 
-0 .58 
, -0 .39 
-0 .38 
-0 .25 
-0 .75 
A = Silt loam soil; B = Sandy loam soil. 
Singhal and Singh -^  and Supak et al. who also 
observed higher adsorption of 2,4 -D, dimecron and 
aldlcarb in hydrogen saturated soils. 
It Is, therefore, concluded that movement of peatl-
cldea was greater in sandy loan soil than silt loaa 
soil. If the concentration of organic matter reduced. 
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Table VI. Effect of cationlc surfactants on the move-
ment of pesticides in soils (movement ex-
pressed as R-, R_ and PL.) 
PesticidOB Soils Cetyl trimethyl asuBonium 
bromide {^%) 
'B «« 
Aldicarb 
Bavi stIn 
Carbofuran 
Dioecron 
Oxamjl 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
0.25 
0.23 
0.00 
0.00 
0.11 
0.08 
0.45 
0.65 
0.59 
0.55 
0.10 
0.14 
0.00 
0.00 
0.06 
0.00 
0.25 
0.45 
0.45 
0.40 
0.52 
0.52 
0.00 
0.00 
0.91 
1.06 
0.09 
-0.23 
-0.16 
-0.05 
A = Silt loam soil; B =• Sandy loam soil. 
the mobility of pesticides increased. The movement of 
pesticides decreased when soil was treated with CaCO,. 
The behaviour pattern of flyaah was variable. It 
decreased the movement of carbofuran, dlnecron and oxa-
myl and increased that of aldicarb and baviatin. The 
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moTement of pesticides by and large vas more in saline 
salts than in alkaline salts. No generalization can 
be made on the effect of various fertilizers on the 
movement of various pesticides as it varied with 
different pesticides. In cationic surfactaints, the 
movement decreased. The movement of all the pesticides 
was higher in Na- soil than in Ca- sind H- soils. 
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VOLUMETRIC DETERMINATION OF MALATHIQN IN FORMULATIONS 
BY A METHOD BASED ON COMPLEXING OF 
DIMETHYLPHOSPHOROniTIIIOATE WITH BISMUTH(IIl) 
KEY WOROSj Blsrauth( lTT) , D l r o e t h y l p h o s p h o r o d l t h l o a t e , 
Mala th ion t i t r a t i o n . 
S .R. Sharma, H . S . Rathore , T. A l l & S.R. Ahmed 
Chemis try S e c t i o n , 
Z . H . C o l l e g e o f E n g i n e e r i n g & Techno logy , 
A l l g a r h Muslim U n i v e r s i t y , 
A l l g a r h - 2 0 2 0 0 1 (INDIA) . 
ABSTRACT 
A v o l u m e t r i c method f o r t h e d e t e r m i n a t i o n of 
m a l a t h i o n In e m u l e l f l a b l e c o n c e n t r a t e s h a s been 
d e v e l o p e d . The method I s based on t h e a l k a l i c l e a v a g e 
o f mala th ion t o g i v e 0 , 0 - d l m e t h y l p h o s p h o r o d l t h i o l c 
a c i d t h a t forms a complex w i t h B i ( T T l ) . The complex 
i s e x t r a c t e d w i t h ch loro form and t h e bismuth l e f t 
uncomplexed i s t i t r a t e d wi th t h e d i s o d l u m s a l t o f 
e t h y l e n e d i a m i n e t e t r a a c e t l c a c i d . The f r e e 0 , 0 - d i m e -
t h y l p h o s p h o r o d i t h i o i c a c i d t h a t may be present and 
i n t e r f e r e in t h e d e t e r m i n a t i o n i s r e c t i f i e d by d o i n g 
t h e complex format ion w i t h o u t h y d r o l y s i n g t h e s a m p l e . 
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f lence , t h e amount of m a l n t h l o n In t h e sn-nple can be 
d e t e r m i n e d , 
INTRO TACTION 
Mfl la th ion i s w i d e l y used f o r c o n t r o l of h o u s e -
h o l d p e s t s , p o u l t r y p e s t s and v a r i o u s p e s t s of 
c e r e a l s , p u l s e s , o i l s e e d s , f i b r e c r o p s , v e g e t a b l e s , 
f r u i t s and p l a n t a t i o n c r o p s l i k e s u g a r c a n e , t e a , c o f -
f e e , c o c o n u t , cashew n u t s and b e t e l v l n e s in I n d i a . 
At p r e s e n t , many p r o c e d u r e s a r e r e p o r t e d in l i t e r a -
t u r e f o r d e t e r m i n i n g m s l a t b t o n i n pure o r f o r m u l a t e d 
t e c h n i c a l g r a d e p r o d u c t s and r e s i d u e s . I n s t r u m e n t a l 
me thods such a s c o l o r l m e t r y , g a s c h r o m a t o g r a -
6—7 8 
phy , Inf rared spect rophotof"etry and mass s p e c t r o -
9 7 
metry have been used . Wayne had claimed t h a t gas 
chromatography I s the most accura t e and s e n s i t i v e . 
However, many l a b o r a t o r i e s es[>eclal ly In the t h i r d 
wor ld , do not have any c o s t l y and s o p h i s t i c a t e d 
equipment . The re fo re , nonlns t rumenta l methods, such 
a«i volumetr ic t i t r a t i o n s , have become of g r ea t 
p r a c t i c a l u s e . In 1966, Lalcshmlnarayana r epo r t ed 
a volumetr ic d e t e r m i n a t i o n based on the ox ida t ion of 
dimethylphosphorofl I t h l o a t e with an excess of 
chloramlne T, which I s l o d o m e t r l c a l l y t i t r a t e d . 
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11 
Slqulroff et a l . adopted the same procedure for the 
analys is of some commercial formulations Including 
12 
powder formulations. Hi l l et a l . proposed a volu-
metric method based on complexatlon of copper( l l ) 
with phosphorodlthloate Ions formed by the alkal ine 
cleavage of malathlon. The yellow complex so formed 
was extracted with chloroform and the copper(TT) 
remaining In the aqueous layer was then determined 
lodometrlcnlly. The Interfering raateriala were 
accounted for In a pa ra l l e l determination of unhydro-
lysed sample of malathlon. Miles et a l . presented 
an argentometrlc method based on the formation of a 
very Insoluble p rec ip i t a t e of s i l v e r Ion with 
phosphorodlthloate Ion. Soluble s a l t s that react 
with s i l v e r ions due to impurities of the malathlon 
sample do not i n t e r f e r e . Polar compounds such as 
0,0-dlmethylphoBphorodlthlolc acid, generally 
present in the technical grade malathlon, were 
removed by passing a hexane solution of the sample 
through a moistened cel lulose column. From d isper -
s lble powder and dust formulations malathlon was 
14 
extracted with hexane. In 1976, Slqulroff et a l . 
reported a simple volumetric method based on a lka l i 
cleavage of molathlon and volumetric determination 
1184 SHARMA ET AL. 
of the r e s u l t i n g dl raethylphosphorof l l th loate with 
s i l v e r n i t r a t e us ing d l c h l o r o f l u o r e s c c l n as i n d i c a -
t o r . The i n t e r f e r e n c e s In the l i q u i d formulat ion 
were removed by a f l o r l s t l column. Recent ly , Clark 
and Qazl have repor ted the modified c o l o r i m e t r l c 
method based on the formation of complex of d lme thy l -
phosphorod l th loa te with b l smuth( I IT) i o n s . I t has 
been claimed t h a t t h i s method I s a p p l i c a b l e fo r the 
de t e rmina t i on a t ppra l e v e l and could be extended t o 
ppb l e v e l . There fo re , nn at tempt has been mode t o 
deve lop a method based on the bismuth complexation 
with d lmethy lphosphorodl th ioa te wi th a t l t r l r a e t r l c 
f i n i s h . The i n s u l t s obta ined are given In t h i s 
p a p e r . 
APPARATUS 
Measuring f l a sks - 50 and 100 ml c a p a c i t y . 
Sepa ra t ing funnels - 250 ml c a p a c i t y , with c lose 
f i t t i n g g l a s s s t o p p e r s . 
P i p e t t e s - 1 and 10 ml c a p a c i t y . 
Graduated measuring c y l i n d e r s - 10 and 50 ml c a p a c i t y . 
Conica l f l a s k s - 250 ml c a p a c i t y . 
Bure t t e - Of at l e a s t 10 ml c a p a c i t y , c a l i b r a t e d in 
0 .05 ml d i v i s i o n s . 
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IffiJACSNTS 
Sodium hydroxide ( 3 N ) - LR g r a d e , E.Merck ( I n d i a ) 
L t d . 
Methanol - GR g r a d e , E.Merck ( I n d i a ) L t d . 
Phenol s o l u t i o n - 30 percent w /v i n methanol . 
Chloroform - GR g r a d e , E.Merck ( I n d i a ) L t d . 
ET>TA s o l u t i o n (O.OlM) - D i s s o l v e d 3 . 7 2 g of d lsodlum 
s a l t o f e t h y l e n e d l a n l n e t e t r a a c e t l c a c i d in 1 1 o f 
d i s t i l l e d w a t e r . 
Blsrauth( lIT) n i t r a t e s o l u t i o n (0.n2M) - D i s s o l v e d 
2 . 5 g of bismuth n i t r a t e pentahydratc In 10 ml 
c o n c e n t r a t e d n i t r i c a c i d and d i l u t e d w i t h water 
up t o 250 ml . 
Thiourea - GR g r a d e , E.Merck ( I n d i a ) L t d . 
P e r c h l o r i c ac id - GR grade , E.Merck (Germany). 
N i t r i c ac id - Laboratory r e a g e n t , BDH ( I n d i a ) L t d . 
Ammonia s o l u t i o n - 25%, Laboratory r e a g e n t , IDPL, 
I n d i a . 
SAMPLE PREPARATION 
E m u l s t f i a b l e c o n c e n t r a t e s - I n t o a 50 ml measuring 
f l a s k weigh a c c u r a t e l y an amount of e m u l s i f l a b l e 
c o n c e n t r a t e t h a t c o n t a i n s 0 . 9 0 t o 1 .0 g of pure 
m a l a t h i o n . D i s s o l v e I t In methanol and made upto 
t h e mark. Mix t h o r o u g h l y . 
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PURIFICATION OF HALATUION^^  
P i l l a 300 X 22 nim g l a s s column with co lo cm, 
60-100 mesh F l o r l s i l ; then ndrl 1 cm of anhydrous 
Na„S0, . Moisten the column with kO ml petroleum 2 k 
e t h e r . Add l iquid sample equivalent t o 0 .9 - 1.0 g 
of ac t ive matter to the column and e l u t e with 100 ml 
ether-petroleum e ther (50*50) at the rate of 5 ral per 
mln. Evaporate the e l u a t e ; then d i l u t e t o 50 ml with 
methanol in volumetric f l a sk . 
PR0CET>13HS 
a.. Determination of malathlon plus free O.O-dlmethyl-
phosphorodithlotc acid and any Interforlnp; roaterlalot 
Transfer by pipet te a 10 ml al iquot of the above 
sample solut ion into a 250 ml separating funnel. Now 
add 1 ml of 3N sodium hydroxide and 1 ml of phenol 
s o l u t i o n , swirl gent ly for 1 mln. and keep for k3 min. 
Now add 5 ml of W n i t r i c acid to make the so lut ion 
a c i d i c . Add 50 ml carbon tetrachlor lde /chloroform 
followed by 10 ml of bismuth solut ion and shake 
vigorously for 2 min. Separate the yel low coloured 
carbon te trach lor ide l a y e r and wash thr i ce with 10 ml 
of carbon te trachlor lde /chloroform. Transfer the 
aqueous l ayer t o 290 ml conical f l a s k . Vash the 
separating funnel twice with 10 ml of d i s t i l l e d 
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water. Add 1 g of thiourea and d i s so lve by warming. 
Add ammonia dropwlse t i l l the prec ip i ta te forn 
d i s s o l v e s lowly . Total volume i s raartc to 50 ml with 
d i s t i l l e d water. Maintain the fH at 1 .5 -2 .0 with 
perchloric acid and t i t r a t e against O.OIM EDTA s o l u -
t i o n u n t i l the ye l low colour of the blsrouth-thlourea 
complex fade . Record the volume, V., of ETITA used 
In the t i t r a t i o n . 
b . Determination of free O.O-dlmethylphosphoro-
d i t h l o i c acid and any interfer ing materlalt Transfer 
by pipette a 10 ml al iquot of the sample so lut ion 
i n t o a separating funnel. Now add 1 ml of 3N 
sodium hydroxide, 1 ml of phenol so lut ion and 5 ml 
of 4N n i t r i c a c i d . Add 50 ml carbon t e t r a c h l o r i d e / 
chloroform followed by 10 ml of bismuth so lu t ion , 
shake vigorously for 2 mln. Separate the l i g h t 
yel low coloured carbon tetrachlor ide/chloroform 
layer and wash i t thr ice with 10 ml of carbon 
te trachlor ide /chloroform. Transfer the aqueous 
l ayer t o a 250 ml conical flaslc. Wash the 
separating funnel twice with 10 ml of d i s t i l l e d 
water. Proceed with the EDTA t i t r a t i o n of 
b i s n u t h ( l l l ) n i t r a t e remaining in the aqueous so lut ion 
as described in sect ion (a) above. Record the volume, 
V„, of EDTA used in the t i t r a t i o n . 
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CALCULATION OF RESULTS 
Calculate the percentage of malathlon In the 
sample taken for a n a l y s i s from the following formula-
w(V -V ) X F X 100 
Malathion % (K/W) = =— ( l ) 
V 
where w Is the weight In g of bisniuth(l lT) n i t r a t e 
pentahydrate t o which 1 ml of EDTA solut ion 
i s equiva lent . 
V i s the t i t r e in ml of EDTA so lut ion required 
for bismuth (ITT) n i t ra te remaining a f t e r 
react ion with the unhydrolyeed malathion 
sample. 
Vj i s the t i t r e In ml of EDTA so lu t ion required 
for bi8muth(Tll) n i t ra te remaining a f t e r 
react ion with the hydrolysed malathion 
sample. 
P i s 2J,.51k. 
and W Is the or ig ina l weight in g of malathion 
sample taken for a n a l y s i s . 
ACCURACY A?m PRECISION OF RESULTS 
A s t a t i s t i c a l a n a l y s i s of 6 consecut ive r e s u l t s 
obtained with a fresh sample of 99.80 percent malathi-
on showed - Average resu l t 99.00 percent; range ^^  0 .1 
to 1.52 percent; standard deviation 0 .86; probable 
error 0 .56 percent. 
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DISCUSSION 
The volumetr ic racthorl unrter s tudy i s a p p l l c n b l e 
t o determine malathion a t rag l e v e l (123-^11 mg) in 
p u r i f i e d samples as well as in e m u l s i f l a b l e concen-
t r a t e s . The l e v e l of de te rmina t ion la cortparable 
t o the volumetr ic methods repor ted by I I l l l e t a l . , 
Miles e t a l . and S l q u l r o f f e t a l . Clark and Qazl in 
t h e i r modified c o l o r l m e t r l c method used sodium 
hydroxide/sodium metal in e thnnol for the convers ion 
of malathion i n t o 0 ,0 -d lme thy lphos pho rod l t h io i c a c i d . 
H i l l e t a l . used e q u i v a l e n t amounts of sodium hydro -
x ide and phenol f o r t h e same purpose . In our l a b o r a -
t o r y i t has been found t h a t unused bismuth can be 
t i t r a t e d with a sharp end point i f phenol and sodium 
hydroxide are used fo r hydro lys lng m a l a t h i o n . For 
the e x t r a c t i o n of bismuth complex e i t h e r chloroform 
o r carbon t e t r a c h l o r i d e can be used. Compounds such 
as 0 ,0 -d ime thy lpho8phorod l th io l c ao ld , S - [ ] ] ( l -ca rboxy-
2 -ca rba t l l oxy)e thy l3 -0 ,0 -d lme thy lpho8phorod l th loa t e 
and S - Q ( l - c a r b e t h o x y - 2 - c a r b o x y ) e t h y l 3 - 0 , 0 - d l m e t h y l -
phosphoro 'Uth loa te , which are l i k e l y t o i n t e r f e r e In 
the method, are accounted fo r in a p a r a l l e l de te rmina -
t i o n , which omits the h y d r o l y s i s s t n g e . E a r l i e r 
workers have suggested the formation of fo l lowing 
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types of complexes of Ag(T) and Cu(TT) with dlmethyl-
phosphorodlthlonte. 
CH .0 f. HC.O S. ^S O.CW 
^ P — S —Ag p<^ Cu p 
CH_.0" H.C.O S S^ O.CHj 
( I ) (11) 
In equation ( l ) H i l l e t a i . used the value of P 13.23 
which Indicates that the ra t io of Cu(TT) to dlmethyl-
phosphorodlthloatc Is 1 J 2 . In t h i s method the value 
of F used i s 23.51'» which Indicates that the ra t io of 
B I ( I I I ) t o dloethylphosphorodlthloate Is 1:7. Hence 
It seems that the nature of Bl(lTI)-dlmcthylpho8phoro-
d l th loa te complex Is e n t i r e l y d i f ferent from that 
of I and TI. In order to e luc idate the nature of 
Bl(ITT)-<mraethylpho8phorodlthloate complex some more 
work Is required which Is In progress In t h i s labora* 
18 t o r y . Generally co lor lmetr lc methods (ppn) are more 
s e n s i t i v e than volumetric methods (ng ) . The present 
volumetric method Is a l s o l e s s s e n s i t i v e (123 t o 
' i l l mg) than the corresponding co lor lmetr lc method 
(ppm). Therefore, the r e s u l t s are reported In mg. 
5 15 Colorlmetrlc methods ' are based on the ex trac t ion 
and determination of absorbonce of c o p p e r ( l l ) or 
blsrauth(TTl) complexes. Unfortunately these comple-
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xes are uns tab le under o r d i n a r y c o n d i t i o n s and l e s s 
s t ab l e under standard c o n d i t i o n s . Although the 
vo lumet r ic methods under study are l e s s s e n s i t i v e , 
they can be used in p l a c e s where s o p h i s t i c a t e d 
i n s t rumen ta t i on i s not a v a i l a b l e and b e t t e r s tandard 
c o n d i t i o n s can be a t t a i n e d . 
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Effect of Different Saline, Alkaline Salts, Fertilizers, and Surfactants 
on the Movement of Some Phosphorus-Containing 
Pesticides in Soils 
S R SHARMA, R P SINCH.'ANUS R AHMED 
Chmuiul Lahoniioru": (.lumi'^in 'iidion / 11 Collc/^e ot Ennuuenni^ & Technotogi 
lliVitrli Mtnliiri iiii\Lnil\ Uinuili 202001 India 
RaeiMil \iml 12 I9S5 
The influence ot organic matter calcium carbonate llyash saline and alkaline salts inorganic 
fertilizers surfactants and exchangeable ions on the mobilitv of different phosphorus pesticides 
has been studied using soil thin-la\er chromatoeriphic techniques The variations in Rf /?» and 
/?vi'•alues of DDVP diazinon Ekatin Folithion malathion metasyston parathion methyl and 
Rogor under difterent treatments is reported and explained on the basis of adsorption and leach-
dbllltv ? W8' academic Pms. Inc 
INTRODUCTION 
Despite the known hazardous nature of pesticides, their use continues in modem 
agnculture the pesticides when apphed to soil move and spread in soil before acting 
on the target organisms. Their cfficacv depends on their movement in soil However. 
It also exposes the possible eventual contamination of subsoil ground water (Working 
Group on Pesticides, 1970) The literature pertaining to adsorption, desorption. and 
movement ot pesticides in soil has been reviewed by Bailey and White (1970), Upchurch 
(1966). and Helling (1970) McCarty and King (1966), Swoboda and Thomas (1968), 
and Inch ct al (1972) have studied the movement of pesticides in soils under different 
environmental conditions Sou thin-la>er chromatography was introduced by Helling 
and Turner (1968) and Helhn^ 0971 a.b.c) as a technique useful for rapid, reproducible, 
and inexpensive assessment of pesticide mobility, with autoradiography of radioactive 
pesticides Helling et al (1971, 1974) have also reported a bioassay technique for the 
detection of pesticide mobility in soil Singh et al (1977, 1979, 1981), while studying 
the mobility ot nematicides, reported that several factors such as organic matter, particle 
size. pH. calcium carbonate, oil cakes, alkaline, and salts, etc., influenced their mobility 
in soil There are still several pesticides tor which movement has not been studied 
more particularly phosphorus-containing pesticides in Indian soils Hence, the present 
studv deals with the effect of certain factors on the movement of DDVP, diazmon, 
Ekatin. Foiithion. malathion, metasystox, parathion methyl, and Rogor in two different 
types of soils using simple chemical detectors 
MATERIALS AND METHODS 
Samples of top lavers of silt loam and sandy loam soils (0-30 cm) from Aligarh 
distnct were dned. crushed, and passed through a lOO-mesh sieve The physicochemical 
properties determined by standard techniques are summanzed in Table 1. 
' To whom repnnt requests and correspondence should be addressed 
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TABLE I 
COMPOSITION AND PUVSICOCHEMICM PROPERTIES or Soii^ 
Soil t>pe 
Silt loam 
Sandy loam 
Mcchi 
Sand 
32.1 
70.2 
intcal composition (%) 
Silt 
50.4 
7,0 
Clay 
174 
22.8 
pH 
8.6 
8.8 
Organic 
matter 
1.05 
0.35 
ClZCin 
mEq/IOOg 
18.5 
9.0 
For thin-layer chromatography, clean glass plates (20 X 20 cm) were coated with a 
slurry of soils with a thickness of 0.5 mm with the help of a TLC applicator and dried 
at room temperature. On the plates, two lines at 3 and 13 cm above the base were 
scribed with a standard development distance (10 cm) on all the plates. DDVP (2,2-
dichlorovinyl 0,0-dimethyI phosphate); diazinon (0,0-dimethyl 0-(2-isopropyl-4-
methyi-6-pyrimidinyl) phosphorothioate); Ekatin (5-[2-(ethylthio) ethyl) 0.0-dimeth-
ylphosphorodithioate); Folithion (0,0-dimethyl 0-(3-methyl-4-nitrophenyl) phospho-
rothioate); malathion (0,0-dimethyi 5-(l, 2-dicarbethoxyethyl) phosphorodithioate); 
metasystox (demeton-0-methyl sulfoxide 0.0-dimethyl S-2(sulfinyl) ethyl phospho-
rothioate); parathion methyl (0,0-dimethyl 0-(/?-nitrophenyl) phosphorothioate) and 
Rogor (0.0-dimethy[ ^-(iV-methylcarbamoyl methyl) phosphorodithioate) of 10% con-
centration were applied as a spot on the TLC plates with the help of lambda pipet 3 
cm abo\e the bottom of the plates. A 2-cm-wide strip of paper towel, moistened with 
distilled water, was wrapped around the bottom of the plates. The plates were then 
developed with distilled water up to the upper line by ascending chromatography. The • 
developed plates were allowed to air-dry. The mobility of pesticides was detected with 
the help of the chemical detectors, such as DDVP, diazinon, Ekatin, Folithion. mal-
athion. parathion methyl, and Rogor, by spraying 0.5% brilliant green in acetone while 
metasystox by spraying 5% methanolic K.OH followed by 0.1% p-nitrobenzened-
iazonium tetrafluoroborate in methanol. Pale yellow spots on the dark green back-
ground indicated the development of DDVP, diazinon, Ekatin, Folithion, malathion. 
parathion methyl, and Rogor and a violet spot for metasystox. 
The soils were treated with 30% H2O2 (Dixon et al, 1970) to get rid of organic 
matter in the study dealing with the effect of organic matter. 
While determining the effect of different additives on the mobility of pesticides, 
calcium carbonate (5%), flyash (5 and 10%) calcium sulfate, magnesium sulphate, 
sodium sulfate, sodium carbonate, sodium bicarbonate, ammonium nitrate, potassium 
chloride, and sodium nitrate (1% of each) were incorporated in the soil samples. 
Cationic (cetyl trimethyl ammonium bromide), anionic (sodium dodecyl sulfate), 
and nonionic (manoxol 'OT) (1% of each) surfactants were mixed with soil samples 
in the study pertaining to their effect on mobility. 
Hydrogen soil, calcium soil, and sodium soil were prepared by Aldrich and Buchan-
an's method (1957). The H-soils were used immediately after passing through the H-
Dowex-50-W-X8 cation exchange resin to avoid the movement of aluminium ions. 
RESULTS 
When both the soils were used as adsorbents and distilled water as developer, the 
R,. /?B. and i?M values (Table 2) indicated the lateral movement of DDVP. diazinon. 
TABLE 2 
EFFECT OF ORGANIC MATTER ON THE MOVEMENT OF PESTICIDES IN SOILS" 
Pcsucidcs 
DDVP 
Diazinon 
Ekalin 
Folithion 
Maiathion 
Metasystox 
Paraihion methyl 
Rogor 
Soils 
\ 
B 
-\ 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
• \ 
B 
R, 
0.7^ 
0.80 
0.86 
0.88 
0,87 
0.88 
0,46 
0,49 
0.88 
0.90 
0.65 
0.67 
0.91 
0.92 
0.42 
0.45 
Soil vvith 
oiganic matte; 
« B 
0.69 
0.70 
0.75 
0.76 
0.76 
0.75 
0.00 
0.00 
0.80 
0.80 
0.50 
0.57 
0.82 
0.84 
0.00 
0.00 
r 
RM 
-0.58 
-0.60 
-0.79 
-0.87 
-0.83 
-0.87 
0.07 
0.02 
-0.87 
-0.95 
-0.27 
-0.31 
-1.00 
-1.06 
0.14 
0.09 
«/ 
0.87 
0.90 
0,88 
0.89 
0.77 
0.91 
0.50 
0.50 
0.83 
0.92 
0.22 
0.38 
0.86 
0.93 
0.47 
0.50 
Soil without 
organic tnatlci 
« B 
0.73 
0.80 
0.76 
0.78 
0.64 
0.82 
0,00 
0,00 
0.71 
0.84 
0.00 
0.20 
0,74 
0.85 
0.00 
0.00 
RM 
-0.83 
-0.95 
-0.87 
-0.91 
-0.52 
-1.00 
0.00 
0.00 
-0.69 
-1.06 
0.55 
0.21 
-0.79 
-1,12 
0.05 
0.00 
.\i!(t' A = Silt loam soil; B = Sandy loam soil, 
° Movement E.^pressed as /?,. RB. and R^. 
Ekatin. maiathion. metasyslox. and parathion methyl and tailings for Folithion and 
Rogor (/^ B = 0) in both the soils. 
The mobility of all the pesticides e.xcept metasystox increased when the organic 
matter was removed (Table 2) while the addition of calcium carbonate to the soil 
decreased the movement of all the pesticides (Table 3). 
The movement of DDVP, Folithion. and Rogor increased vvith flyash (5%) while 
that of diazinon. Ekatin. maiathion, metasystox, and parathion methyl decreased in 
silt loam soil. In sandy loam soil the movement of diazinon, maiathion, and metasystox, 
however, remained unaffected while that of others followed the same pattern as with 
silt loam soil. When the concentration of flyash was increased (10%) in soils, the 
movement of all the pesticides decreased with marked effect in diazinon. Ekatin, and 
parathion methyl in both the .soils. 
When saline salts (calcium sulfate, magnesium sulfate), alkaline salts (sodium car-
bonate, sodium bicarbonate), and neutral salt (sodium sulfate) were added to the soils 
(Table 4). the maximum movement of DDVP, diazinon, Ekatin. and maiathion was 
observed in calcium sulfate while that of the remaining was observed in sodium car-
bonate. The minimum movement of almost all the pesticides was observed in sodium 
carbonate except Folithion, parathion methyl, and Rogor in silt loam soil. In sandy 
loam soil the maximum movement of DDVP, Ekatin, and maiathion was observed 
in calcium sulfate while that of remaining in sodium carbonate with the least movement 
of all the pesticides in sodium sulfate. 
TABLF 3—Coniinuc'd 
PoMicides 
Folilhion 
Malathion 
Mcuis>sio\ 
Paralhiiin methyl 
Rogor 
Soils 
A 
n 
A 
B 
\ 
B 
A 
B 
A 
B 
R, 
0.43 
0.48 
0.78 
0,77 
0.50 
0.63 
0.45 
0.59 
0.35 
0.43 
RB 
0.00 
0.00 
0.72 
0.63 
0.45 
0.51 
0.00 
0.49 
0.00 
0.00 
« M 
0.12 
0.03 
-0.55 
-0.52 
0.00 
-0.23 
0.09 
-0.16 
0.27 
0.12 
Xijte A = Silt loam soil; B = Sandy loam soil. 
" Movement expressed as Rf. Rg, and ^M-
•Addition of inorganic fertilizers in soil in stationary phase increased the /?M values 
of all the pesticides in ammonium nitrate in sandy loam (Table 5) while in potassium 
chloride in silt loam soil. 
The anionic (sodium dodecyl sulfate) and nonionic (manoxol 'OT) surfactants 
markedly inhibited the capillary action of water and thus there was no movement in 
both the soils, while with cationic surfactant (cetyl trimethyl ammonium bromide) 
the pesticides showed no or little movement in silt loam soil (/?B ~ 0) except diazinon 
and Ekatin. In sandy loam soil Folithion, malathion, metasystox, and parathion methyl 
showed very low movement. 
The R, and R^ values of all the pesticides studied were higher and R^ values were 
lower in Na-soil followed by Ca- and H-soils (Table 7). 
DISCUSSION 
Results reported herein show that movement of pesticides is influenced by several 
factors. Poor movement in silt loam soil when compared with sandy loam soil may 
in part be due to its being rich in organic matter, clay, and higher cation exchange 
capacity. Rogor showed minimum movement (higher R^ value) while parathion 
methyl ma,ximum movement (lower R^ value) in both the soils. The differences are 
expected because of differences in the chemical structure of the pesticides. 
Organic matter increases the adsorptive capacity of a soil which increases the RM 
values and decreases the mobility of pesticides. The reverse effect in metasystox could 
be due to the preferential adsorption of chemical to the active sites in soil released by 
destruction of organic matter (Helling, 1971; Saltzman and Yariv. 1976). 
Movement of pesticides decreases when calcium carbonate is added in soils because 
it acts as an adsorbent. This results in the reduced Rf and /?B values and increased /?M 
values of various pesticides. Higher adsorption reduces their upward teachability in 
both the soils. 
Decreased movement in flyash might be due to its acting as a good adsorbent because 
of the presence of quartz, alumina, silica, coceite. amorphous carbon, and small quan-
tity of lime (Ahmed et al.. 1983). Similar higher movement of pesticides in flyash was 
TABLE 4 
EFFECT OF DIFFERFNT SAI INE \ N D ALIVVLINE SALTS ON THE 
Mov FMEN r or PFsriciDES IN SOILS" 
Pesticides 
DDVP 
Diazinon 
Ekjt in 
Folithion 
Malathion 
Metasvstox 
Parjthion meih\l 
Rogor 
DDVP 
Diazinon 
Ekalin 
Folithion 
Malathion 
MetasNstox 
Parathion methvl 
Rogor 
DDVP 
Duzinon 
Ekatin 
Folithion 
Soils 
Calcium 
A 
B 
A 
B 
• \ 
B 
\ 
B 
\ 
B 
A 
B 
A 
B 
A 
B 
«, 
sulphate (1%) 
0 79 
0 84 
0 90 
0 78 
0 86 
0 79 
0 43 
0 49 
0 83 
0 84 
0 48 
0 65 
0 64 
0 74 
0 47 
0 49 
Magnesium sulphate (I'^n 
A 
B 
A 
B 
A 
B 
\ 
B 
A 
B 
A 
B 
A 
B 
A 
B 
Sodium 
A 
B 
A 
B 
A 
B 
A 
B 
0 78 
0 80 
0 83 
0 77 
0 76 
0 76 
0 40 
0 47 
0 80 
0 80 
041 
0 64 
0 62 
0 70 
0 42 
0 48 
sulphate (1%) 
0 77 
0 66 
0 63 
0 73 
0 67 
0 66 
0 30 
0 45 
/?B 
0 65 
0 73 
0 79 
061 
0 75 
0 66 
0 00 
0 00 
0 75 
0 73 
0 26 
0 46 
0 40 
0 60 
0 00 
0 00 
1 
061 
0 60 
0 71 
0 60 
0 64 
0 55 
0 00 
0 00 
0 70 
0 60 
0 12 
0 36 
0 44 
0 54 
0 00 
0 00 
0 67 
0 52 
0 44 
0 56 
0 52 
0 52 
0 00 
0 00 
RM 
- 0 58 
- 0 72 
- 0 95 
- 0 55 
- 0 79 
- 0 58 
0 12 
0 02 
- 0 69 
- 0 72 
0 03 
- 0 27 
- 0 25 
- 0 45 
0 05 , 
0 02 
- 0 55 
- 0 60 
- 0 69 
- 0 52 
- 0 50 
- 0 50 
0 18 
0 05 
- 0 60 
- 0 60 
0 16 
- 0 25 
- 0 21 
- 0 37 
0 14 
0 03 
- 0 52 
- 0 29 
- 0 23 
- 0 43 
- 0 31 
- 0 29 
0 37 
0 09 
TABLE4—0;w;/((/fc/ 
Pesticides 
Malathion 
Metas\slo\ 
Paraihion metlnl 
Rogor 
DDVP 
Dijzinon 
Ekatin 
Foliihion 
Majathion 
Metasvstox 
Parathton melhvl 
Rogor 
DDVP 
Diazinon 
Ekatin 
Folnhion 
Malathion 
Metasvstox 
Parathion methyl 
Rogor 
Soils 
\ 
B 
\ 
H 
A 
n 
A 
B 
Rf 
0 75 
Of)? 
0 55 
0 61 
0 68 
041 
0 48 
Sodium carbonate (1%) 
A 
B 
A 
B 
A 
B 
A 
B 
B 
A 
B 
A 
B 
A 
n 
0 63 
0 72 
0 62 
0 81 
0 68 
0 70 
0 66 
0 75 
0 62 
0 79 
0 33 
0 69 
0 78 
0 79 
0 50 
0 79 
Sodium bicarbonate ( H 
A 
B 
\ 
B 
A 
B 
A 
B 
A 
B 
\ 
B 
A 
B 
A 
B 
0 66 
0 78 
0 63 
0 79 
0 77 
0 75 
0 64 
0 73 
0 71 
0 69 
0 34 
0 67 
0 70 
0 78 
0 48 
0 50 
« B 
0 68 
041 
0 19 
0 35 
0 42 
0 49 
0 00 
0 00 
0 42 
0 50 
0 37 
0 62 
0 49 
0 50 
0 32 
0 50 
0 40 
0 60 
0 00 
0 42 
0 56 
0 58 
0 00 
0 58 
) 
0 32 
0 60 
0 50 
0 58 
0 54 
0 50 
0 28 
0 46 
0 59 
0 38 
0 00 
0 50 
0 45 
0 56 
0 00 
0 00 
« M 
- 0 48 
0 23 
0 23 
- 0 09 
- 0 19 
- 0 33 
0 16 
0 03 
- 0 23 
- 0 41 
- 0 21 
- 0 63 
- 0 33 
- 0 37 
- 0 29 
- 0 48 
- 0 21 
- 0 58 
031 
- 0 35 
- 0 55 
- 0 58 
0 00 
- 0 58 
- 0 29 
- 0 55 
- 0 23 
- 0 58 
- 0 52 
- 0 48 
- 0 25 
- 0 43 
- 0 39 
- 0 35 
0 29 
- 0 31 
- 0 37 
- 0 55 
0 03 
0 00 
,\'iiie A - Sill loam soil B -^  Sandy loam soil 
' Movement expressed as Rf Rg, and RM 
TABLE 5 
EKfFCT OF SOME INORGANIC FrRTinzFRs ON THE MOVEMENT 
OF PESTICIDES IN SOILS" 
Pesin-ides 
DDVP 
Dia?inon 
Ekatin 
Folithion 
Malathion 
Metasvstox 
Parathion methvl 
Rogor 
DDVP 
Diazinon 
Ekatin 
Folithion 
Malathion 
Metasvslox 
Parathion methvl 
Rogor 
DDVP 
Diazinon 
Ekatin 
Soils R/ 
Ammonium nitrate (1%) 
A 
B 
\ 
B 
A 
B 
\ 
B 
\ 
B 
A 
B 
\ 
B 
A 
B 
Potassium 
A 
B 
\ 
B 
^ 
B 
A 
B 
A 
8 
A 
B 
A 
B 
A 
B 
Sodium 
A 
B 
A 
B 
A 
B 
0 84 
0 74 
0 83 
0 70 
0 89 
071 
0 38 
0 45 
0 85 
0 77 
0 36 
0 58 
0 78 
0 78 
0 40 
0 45 
chloride (1%) 
0 62 
0 80 
0 73 
0 78 
0 77 
081 
0 39 
0 45 
0 68 
081 
0 45 
0 59 
0 71 
0 77 
0 36 
0 48 
nitrate (1%) 
0 64 
0 86 
0 80 
0 71 
0 80 
0 77 
RB 
0 72 
0 55 
0 70 
0 52 
0 78 
0 60 
0 00 
0 00 
0 76 
0 70 
0 to 
0 30 
0 65 
0 65 
0 00 
0 00 
0 48 
0 70 
0 60 
0 66 
0 65 
071 
0 00 
0 00 
0 58 
0 68 
0 19 
0 38 
0 58 
0 60 
000 
0 00 
0 54 
0 74 
0 67 
0 54 
0 68 
0 64 
RM 
- 0 72 
- 0 45 
- 0 69 
- 0 37 
- 0 91 
- 0 19 
0 21 
0 09 
- 0 75 
- 0 52 
0 25 
- 0 14 
- 0 55 
- 0 55 
0 18 
0 09 
- 0 21 
- 0 60 
- 0 43 
- 0 55 
- 0 52 
- 0 63 
0 19 
0 09 
- 0 33 
- 0 63 
0 09 
- 0 16 
- 0 39 
- 0 52 
0 25 
0 03 
- 0 25 
- 0 79 
- 0 60 
- 0 39 
- 0 60 
- 0 52 
TABLE 5—C ominucd 
Pesticides 
Fohthion 
Malathion 
Meia<;\sto\ 
P.iiJthion mctlnl 
Rogor 
Soils 
\ 
B 
A 
B 
\ 
B 
\ 
B 
A 
B 
«/ 
0 73 
0 48 
0 79 
0 87 
031 
0 74 
0 63 
0 89 
0 38 
0 48 
«B 
0 52 
0 00 
0 66 
0 76 
0 II 
0 52 
0 44 
0 78 
0 00 
0 00 
^M 
- 0 43 
0 03 
- 0 58 
- 0 83 
0 35 
- 0 45 
- 0 23 
- 0 91 
021 
0 03 
Sole \ = Slit loam soil B = Sandv loam soil 
" Movement expressed as /?; /?» and /?« 
in accordance with the work o( Nearpass (1965) who also observed such movement 
in hmed soil 
Movement o\ pesticides in salt amended soils, based on i?M values, follows the order 
CaS04 > MgSOj > Na.S04 > NaHCOj > Na2C03 for DDVP, diazinon. Ekatin, 
TABLE 6 
E n ECT OF C A T I O N I C SURfACTAN T O N IHE MOVEMENT 
OF PESTICIDES IN S O I L S " 
Pesticides 
DDVP 
Diazinon 
Ekatin 
Folithion 
Malj thion 
Metj'ivstox 
I'araihion methyl 
Rogor 
Soils 
A 
B 
A 
B 
A 
B 
A 
B 
\ 
B 
A 
B 
A 
B 
A 
B 
( elvl Imnct lu l 
jn in ionium broniidi 
Ri 
0 00 
0 65 
0 55 
0 55 
0 73 
0 78 
0 00 
0 30 
0 00 
0 n 
0 34 
0 33 
0 00 
0 10 
0 16 
0 46 
/?B 
0 00 
0 50 
0 37 
0 39 
0 60 
0 66 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
H I ' ! ) 
RM 
0 00 
- 0 27 
- 0 09 
- 0 09 
- 0 43 
- 0 55 
0 00 
0 37 
0 00 
0 8^ 
0 29 
O M 
0 00 
0 95 
0 72 
0 07 
Noft" \ = Sill loam soil B = Sandv loam soil 
" Movement expressed as Rr R%. and /?M 
r \BLE 7 
EFFECT OF SODIUM. C M CIDM. AND H\ DROCFN SOILS ON THE MOVEMENT OF PESTiriDEs" 
Pesticides 
DDVP 
Dia7in(in 
Ekatin 
Fohthion 
Malatliion 
\ letas\sto\ 
Paraihion methsl 
Rogor 
R, 
0 76 
0 " 0 
0 S5 
0 48 
0 89 
0"'() 
0 88 
0 48 
Na-soil 
RB 
0 60 
0 57 
0 74 
0 00 
0 77 
0 56 
0 75 
0 00 
RM 
- 0 f 0 
- 0 37 
- 0 75 
0 03 
- 0 91 
- 0 37 
- 0 87 
0 03 
Rf 
0 69 
0 60 
0 81 
0 47 
0 86 
0 45 
0 50 
0 43 
Ca-soil 
RB 
0 49 
0 32 
0 72 
0 00 
0 76 
0 25 
0 00 
0 00 
RM 
-0.35 
- 0 18 
- 0 63 
0 05 
- 0 79 
0 09 
0.00 
0 12 
Rf 
0 60 
0 55 
0 73 
0 40 
0 75 
041 
0.45 
0.41 
H-soil 
RB 
0 40 
0 25 
0*^5 
0 00 
0.55 
0.19 
0.00 
0 00 
/?M 
- 0 18 
- 0 09 
- 0 43 
0 18 
- 0 48 
0.16 
0 09 
0 16 
Wvf \ = Silt loam soil B = Sandy loam soil 
" V1o\ement expressed as R,. Rg. and /?« 
malaihion. and metasystox: Na^COi > NaHCO, > CaS04 > MgS04 > Na^ SOa for 
Folithion, parathion meth\l, and Rogor in silt loam soil; but in sandy loam soil. CaS04 
> MgSOj > NaHC03 > Na^COj > NajSOA tor DDVP, Ekatin. and malathion. and 
Na^ COs > NaHCOj > CaS04 > M[gS04 > Na2S04 for diazinon, Folithion, metasystox. 
parathion methyl, and Rogor. This variation could be due to the differences in the 
adsorption behavior of pesticides in the presence of different salts because these salts 
are weak base anions, i.e.. sulfates and strong base anions, i.e., carbonates and bicar-
bonates. Similar results have been obtained by Singh el al. (1981). 
Based on /?M values in soil amended with inorganic fertilizers, the movement follows 
the order NHjNOi > NaNOj > KG for DDVP. diazinon, Ekatin, malathion, and 
Rogor: NHjNO, > KG > NaNO, for parathion methyl, and NaNO, > NH4NO, 
> KG for Folithion in silt loam soil. In sandy loam soil it follows the order NaNOi 
> KG > NH4NO3 for DDVP, Folithion, malathion, metasystox, parathion methyl, 
and Rogor. and KG > NaNO-j > NH^NOi for diazinon and Ekatin. 
The marked increase in R^ values of surfactant-amended soils is due to the aggre-
gation and interaction of surfactants with soil snicells resulting in decrease in pesticides 
mobility (Hower. 1970). 
Results on exchangeable ions are in accord with the work of Dregne et al (1968), 
Singhal and Singh (1978), and Supak el al. (1978) who studied the higher adsorption 
of 2.4-D. dimecron and aldicarb in H-saturated soils. Leenheer and Ahlirichs (1971) 
have also obtained higher adsorption of parathion in H-saturated organic matter and 
H-saturated cation exchange resin than Ca-saturated systems. Hydrogen-saturated ad-
sorbents exhibiting greater hydrophobic nature than the more hydrophilic Ca-adsor-
bents. might explain higher pesticide adsorption capacities. 
CONCLUSION 
The influence of certain additives on the mobility of pesticides showed that when 
organic matter was removed from the soil, the movement of pesticides increased while 
addition of calcium carbonate and tlyash showed the reverse effect. The maximum 
movement of DDVP. diazinon, Ekatin. and malathion was observed in presence of 
saline salts while that of remaining in alkaline salts. The minimum movement of all 
the pesticides was obse^ '^ed when sandy loam soils were mixed with ammonium nitrate 
while in silt loam soil in potassium chloride. The presence of surfactants also reduced 
the movement. The maximum movement of all the pesticides was observed in 
Na-soil followed by Ca- and H-soils. 
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Effect of Different Salt Leachates on the Movement of Some 
Phosphorus Containing Pesticides in Soils Using 
Thin Layer Chromatography 
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The influence of pH. leachates o f alkaline and saline salts, inorganic fertilizers, and surfactants 
on the movement of eight organophosphorus pesticides, vi7 , DDVP, diazinon, Ekatin, Folithion, 
malathion, metasystox. parathion methyl, and Rogor has been studied using soil thin layer chro-
matographic techniques The variation in the movement of pesticides under different solvent 
amendments are expressed in terms of /?/. R%, and Rn values and are explained on the basis of 
adsorption and leachability © 1986 Academic Pr«s inc 
INTRODUCTION 
The use of agrochemicals, especially pesticides, has been a vital factor for increasing 
food production, as well as a major factor in polluting the environment. The pesticides 
reach the soil either as fallout from serial spraying or as dusts from plants which later 
become incorporated into the soil. Ultimately the soil becomes an environmental 
reservoir for the residues from which they move into the atmosphere, water, or living 
organisms. Various physical/chemical phenomena operate in this movement. Of the 
various parameters, adsorption and movement of pesticides in soils are of paramount 
importance. The literature on these aspects has been reviewed by Bailey and White 
(1970) and Upchurch (1966). McCarty and King (1966) developed a chromatographic 
model to account for the movement of pesticides in soil columns. Helling and Turner 
(1968) .cported soil TLC as a rapid, reproducible, and inexpensive method to study 
the mobility of pesticides in soils. Helling (1971a,b,c) measured the movement of 
radioactive pesticides using TLC with radioactive scanning. Singh et al (1977, 1979, 
1981) and Sharma et al (1985a,b,c) used this technique for determining the mobility 
of certain nematicides and insecticides in soils. There are several phosphorus containing 
pesticides which have not been studied with respect to their movement, more partic-
ularly in Indian soils. Hence, the present study deals with the effect of different salts, 
fertilizers (which are common in soil and used for crop improvement), and surfactant 
on the movement of DDVP, diazinon, Ekatin, Folithion, malathion, metasystox, 
parathion methyl, and Rogor in silt and sandy loam soils of Aligarh. 
MATERIALS AND METHODS 
The physicochemical properties of the two soils (silt loam and sandy loam) (Table 
1) were determined by standard techniques. The soils used were ground and sieved 
through a 100-mesh sieve to get samples of small and nearly homogenous size. 
• To whom correspondence and repnnt request should be addressed a f Department of Botany, Aligarh 
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IABLE I 
COMPOSITION AND PHYSICOCHEMICAL PROPERTIES OF SOILS 
Soil type 
Silt loam 
Sandy loam 
Mechanical com 
(%) 
Sand 
32 1 
70 2 
Silt 
50 4 
7 0 
1 positron 
Clay 
174 
22 8 
pH 
8.6 
8 8 
Organic matter 
(%) 
105 
0 35 
CECin 
meq/lOOg 
185 
9 0 
A water slurry of 0.5 mm thickness of soils was spread over clean glass plates (20 
X 20 cm) with the commercial TLC spreader. The plates were then air-dried and the 
two lines at 3 and 13 cm from the bottom of the plates were scribed maintaining a 
standard development distance of 10 cm in all the plates. DDVP (2,2-dichlorovinyl 
(9.6>-dimethyl phosphate); diazinon (0,(9-diethyl C>-(2-isopropyl-4-methyl-6-pyrimi-
dinyl) phosphorothioate); Ekatin (S-2-(ethylthio)ethyl 0,0-dimethyl phosphorodi-
thioate); Folithion ((9,0-dimethyl C>-(3-methyl-4-nitrophenyl) phosphorothioate); 
malathion (0,0-dimethyl >S'-(l,2-dicarbethoxyethyl) phosphorodithioate); metasystox 
[demeton-O-methyl sulfoxide O.O-dimethyl 5'-2(sulfinyl) ethyl phosphorothioate]; 
parathion methyl (C>,C>-dimethyI C>-()3-nitrophenyl) phosphorothioate); and Rogor 
[0,0-dimethyl ^'-(A'-methyl carbamoyl methyl) phosphorodithioate] (100 g active in-
gredient P ' concentration) were spotted on the line 3 cm from bottom using a lambda 
TABLE 2 
MOVEMENT OF DIFFERENT PESTICIDES IN SOILS USING 
DISTILLED WATER AS DEVELOPER" 
Pesticides 
DDVP 
Diazinon 
Ekatin 
Folithion 
Malathion 
Metasystox 
Parathion methyl 
Rogor 
Soils* 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
Rf 
0 79 
0 80 
0 86 
0 88 
0 87 
0 88 
0 46 
0 49 
0 88 
0 90 
0 65 
0 67 
091 
0 92 
0 42 
0 45 
RB 
0.69 
0.70 
0 75 
0 76 
0 76 
0 75 
0 00 
0 00 
0 80 
0 80 
0 50 
0 57 
0 82 
0 84 
0 00 
0 00 
^ M 
-0.58 
- 0 60 
- 0 79 
- 0 87 
- 0 83 
- 0 87 
0 07 
0 02 
- 0 87 
-0.95 
-0.27 
- 0 31 
- 1 00 
-1.06 
0 14 
0 09 
" Movement expressed as Rf, Rg, and /?M 
* A = silt loam soil, B = sandy loam soil 
pipet. A stnp of paper towel (2 cm wide) moistened with distilled water, was wrapped 
around the bottom of the plates. The plates were air-dned after eluting by ascending 
chromatography. Solutions (0.01 and 0.05 M) of CaS04, MgS04, Na2S04, NajCOj, 
NaHCOs, KCl, NH4NO3, and NaNOs were used as leachates in studies dealing with 
the effect of salts and inorganic fertilizers on the movement of pesticides. 
To study the effect of pH, the distilled water with original pH (pH 7) and pH 
adjusted to 4 and 10 with 0.1 M HCl and 0.1 M NaOH were used as elucnt 
In the studies on the effect of surfactants 0.5 and 1.0% solutions of cetyl tnmethyl 
ammonium bromide (cationic), sodium dodecyl sulfate (anionic), and manoxol "OT" 
(nonionic) were used as eluents. 
DDVP, diazinon, Ekatin, Folithion, malathion, parathion methyl, and Rogor were 
detected by 0.5% bnlliant green in acetone, and metasystox by spraying 5% methanolic 
KOH followed by 0.1% /vmtrobenzenediazonium tetrafluoroborate. Violet colored 
spots indicated metasystox while pale yellow spots on dark green background indicated 
DDVP, diazinon, Ekatin, Folithion, malathion, parathion methyl, and Rogor. 
The movement of the pesticides was expressed in terms of/?/(Singhal and Singh, 
1977), /?B (Rhodes et al, 1970), and ^M (Bate-Smith and Westall, 1956) values, as Rf 
= (I /10)(/?T + ^ L / 2 ) where Rj and R^ denote the tailings and lateral fronts, respectively, 
and 
distance moved by bottom of spot 
/?B distance traveled by eluent 
TABLE 3 
EFFECT OF pH ON THE MOVEMENT OF PESTICIDES IN SOILS USING 
DIFFERENT pH LEACHATFS" 
Pesticides 
DDVP 
Diazinon 
Ekatin 
Folithion 
Malathion 
Metasystox 
Parathion methyl 
Rogor 
Soils* 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
Rf 
0 77 
0 78 
0 82 
0 86 
0 89 
0 92 
0 45 
0 48 
0 85 
0 87 
0 42 
0 64 
0 82 
0 88 
0 42 
0 45 
pH4 
RB 
0 67 
0 63 
0 73 
0 76 
0 80 
0 84 
0 00 
0 00 
0 75 
0 75 
0 17 
0 40 
0 76 
0 75 
0 00 
0 00 
RM 
- 0 52 
- 0 55 
- 0 66 
- 0 79 
- 0 91 
- 1 06 
0 09 
0 03 
- 0 75 
- 0 83 
0 14 
- 0 25 
- 0 66 
- 0 87 
0 14 
0 09 
Rf 
0 79 
0 80 
0 86 
0 87 
0 87 
0 88 
0 46 
0 49 
0 88 
0 90 
0 65 
0 67 
091 
0 92 
0 42 
0 45 
pH 7 
RB 
0 69 
0 70 
0 75 
0 76 
0 76 
0 75 
0 00 
0 00 
0 80 
0 80 
0 50 
0 57 
0 82 
0 84 
0 00 
0 00 
RM 
- 0 58 
- 0 60 
- 0 79 
- 0 83 
- 0 83 
- 0 87 
0 07 
0 02 
- 0 87 
- 0 95 
- 0 27 
-031 
- 1 00 
- 1 06 
0 14 
0 09 
Rf 
0 93 
0 70 
0 95 
0 83 
0 23 
0 86 
0 50 
0 46 
0 94 
0 85 
0 33 
0 64 
0 74 
0 76 
0 42 
0 43 
pH 10 
RB 
0 85 
0 59 
0 89 
0 67 
0 00 
0 75 
0 00 
0 00 
0 88 
0 74 
0 15 
0 55 
0 54 
0 60 
0 00 
0 00 
^ M 
- 1 12 
- 0 37 
- 1 28 
- 0 69 
0 52 
- 0 79 
0 00 
0 07 
- 1 19 
- 0 75 
031 
- 0 25 
0 45 
- 0 50 
0 14 
0 12 
° Movement expressed as /?/, RB, and /?M 
* A = Slit loam soil B = sandy loam soil 
TABLE 4 
VARIATION IN /?y, R^, AND ^M VALUES WITH VARIATION IN THE CONCENTRATION 
OF DIFFERENT SALTS IN THE MOBILE PHASE" 
001 M 0 05 A/ 
Pesticides 
DDVP 
Diazinon 
Ekatin 
Folithion 
Malathion 
Metasvstox 
Parathion methyl 
Rogor 
DDVP 
Diazinon 
Fkatin 
Folithion 
Malathion 
Metasystox 
Parathion methvl 
Rogor 
DDVP 
Soils* 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
Rf RB 
Calcium sii 
0 73 
0 78 
0 63 
0 92 
081 
0 96 
0 44 
0 39 
0 85 
0 75 
0 52 
0 60 
0 76 
0 80 
0 40 
0 50 
0 60 
0 68 
0 29 
0 83 
0 70 
091 
0 00 
0 00 
0 76 
0 60 
0 30 
0 35 
0 58 
0 72 
0 00 
0 00 
RM 
Ifite 
- 0 69 
- 0 55 
- 0 23 
- 1 06 
- 0 63 
- 1 38 
0 10 
0 19 
- 0 75 
- 0 48 
- 0 03 
- 0 18 
- 0 50 
- 0 60 
0 18 
0 00 
Magnesium sulfate 
0 77 
0 80 
0 66 
0 89 
0 85 
0 92 
0 49 
041 
0 86 
081 
0 49 
0 57 
0 82 
0 86 
0 42 
0 46 
0 57 
0 59 
0 35 
0 7S 
0 74 
0 83 
0 00 
0 00 
0 77 
0 68 
0 37 
0 39 
0 72 
0 78 
0 00 
0 00 
- 0 52 
- 0 60 
- 0 29 
- 0 91 
- 0 75 
- 1 06 
0 17 
0 16 
- 0 79 
- 0 63 
0 17 
- 0 12 
- 0 66 
- 0 79 
0 14 
0 07 
Sodium bicarbonate 
0 86 
081 
0 75 
0 66 
- 0 79 
- 0 63 
Rf 
071 
0 60 
0 60 
0 88 
0 70 
0 86 
0 39 
0 40 
0 76 
0 74 
0 54 
0 45 
0 74 
0 68 
0 39 
0 49 
0 73 
0 63 
0 64 
0 75 
0 73 
0 80 
0 40 
0 42 
0 78 
0 76 
0 52 
0 47 
0 76 
0 68 
0 40 
0 48 
0 85 
0 77 
RB 
0 54 
0 50 
041 
0 75 
0 60 
0 75 
0 00 
0 00 
0 60 
0 60 
0 35 
0 27 
0 58 
0 43 
0 00 
0 00 
0 62 
051 
0 40 
0 50 
0 62 
0 69 
000 
0 00 
0 62 
0 62 
0 40 
0 35 
0 66 
041 
0 00 
0 00 
0 76 
0 60 
^ M 
- 0 39 
- 0 18 
- 0 18 
- 0 87 
- 0 37 
- 0 79 
0 19 
0 18 
- 0 50 
- 0 45 
- 0 07 
0 09 
- 0 45 
- 0 33 
0 19 
0 02 
- 0 43 
- 0 23 
- 0 25 
- 0 48 
- 0 43 
- 0 60 
0 18 
0 14 
- 0 55 
- 0 50 
- 0 03 
0 05 
- 0 50 
- 0 33 
0 18 
0 03 
- 0 75 
- 0 18 
TABLE 4—Continued 
Pesticides 
Diazinon 
Ekatin 
Folithion 
Malathion 
Metasystox 
Parathion methyl 
Rogor 
Soils* 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
Rf 
0 75 
081 
0 89 
0 83 
0 49 
0 46 
0 90 
0 83 
0 45 
0 49 
0 88 
0 89 
0 45 
0 44 
001 M 
RB 
0 64 
0 67 
0 83 
0 73 
0 00 
0 00 
0 86 
0 72 
031 
0 34 
0 79 
0 80 
0 00 
0 00 
RM 
- 0 48 
- 0 63 
- 0 79 
- 0 69 
0 02 
0 07 
- 0 05 
- 0 69 
0 09 
0 02 
- 0 87 
- 0 91 
0 09 
0 10 
Rf 
0 73 
0 77 
0 85 
0 78 
0 44 
0 46 
0 82 
081 
0 44 
0 53 
081 
0 73 
0 42 
0 45 
0 05 A/ 
^ B 
0 59 
061 
0 76 
0 59 
0 00 
0 00 
071 
0 67 
021 
0 36 
0 74 
0 52 
0 00 
0 00 
^ M 
- 0 43 
- 0 52 
- 0 75 
- 0 55 
0 10 
0 07 
- 0 66 
- 0 63 
0 10 
- 0 05 
- 0 63 
- 0 43 
0 14 
0 09 
Sodium carbonate 
DDVP 
Diazmon 
Ekatin 
Folithion 
Malathion 
Metasystox 
Parathion methyl 
Rogor 
DDVP 
Diazinon 
Ekatin 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
0 92 
0 84 
0 78 
0 80 
091 
0 83 
081 
0 48 
091 
0 89 
0 43 
0 40 
091 
0 92 
0 48 
0 40 
Sod 
0 82 
081 
0 70 
0 88 
0 76 
0 80 
0 84 
0 68 
0 64 
0 60 
0 88 
0 67 
0 63 
0 00 
0 82 
081 
0 30 
0 18 
0 84 
0 84 
0 00 
0 00 
lum sulfate 
0 70 
0 66 
0 60 
0 78 
0 66 
0 70 
- 1 06 
- 0 72 
- 0 55 
- 0 60 
- 1 0 0 
- 0 69 
- 0 63 
0 03 
- 1 00 
- 0 91 
0 12 
0 18 
- 1 00 
- 1 06 
0 03 
0 18 
- 0 66 
0 63 
- 0 37 
- 0 87 
0 50 
- 0 60 
0 89 
081 
0 80 
0 78 
0 89 
0 77 
0 46 
0 50 
0 84 
0 85 
0 43 
0 64 
0 86 
0 80 
0 44 
0 40 
0 76 
0 76 
0 68 
0 83 
0 78 
0 69 
081 
0 63 
0 67 
0 63 
0 83 
0 60 
0 00 
0 00 
0 74 
0 76 
0 37 
0 50 
0 76 
0 76 
0 00 
0 00 
0 60 
0 56 
0 46 
0 68 
0 66 
0 48 
- 0 91 
- 0 63 
- 0 60 
- 0 55 
- 0 91 
- 0 52 
0 07 
0 00 
- 0 72 
- 0 75 
0 r 
- 0 25 
- 0 79 
- 0 60 
0 10 
0 18 
- 0 50 
- 0 50 
- 0 33 
- 0 69 
- 0 55 
- 0 35 
TABLE 4—Conlimied 
Pesticides 
Folithion 
Malathion 
Metasystox 
Parathion methyl 
Rogor 
Soils* 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
/?/ 
0 42 
0 42 
0 88 
0 83 
0 53 
0 74 
0 86 
0 88 
0 44 
0 45 
001 Af 
RB 
0 00 
0 00 
0 76 
0 70 
0 25 
0 64 
0 80 
0 75 
0 00 
0 00 
^ M 
0 14 
0 14 
- 0 87 
- 0 69 
- 0 03 
- 0 45 
- 0 79 
- 0 87 
0 10 
0 09 
Rf 
0 37 
0 44 
0 80 
0 78 
0 56 
0 48 
0 78 
071 
041 
0 46 
0 05 M 
RB 
0 00 
0 00 
0 67 
0 60 
0 42 
0 20 
0 64 
0 60 
0 00 
0 00 
^ M 
0 23 
0 iO 
- 0 60 
- 0 55 
- 0 10 
0 03 
- 0 55 
- 0 39 
0 16 
0 07 
" Movement expressed as R/, /?B, and ^M 
* A = Slit loam soil B = sandy loam soil 
For high degree of reproducibility another chromatographic constant, the /?M value 
which IS valuable for relating chromatographic mobility to chemical stnjcture, was 
used to discuss the results It is related to Rj by the expression 
/?M = log(l/ /?/- 1) 
RESULTS 
When natural soils were used as adsorbent, and distilled water as eluent, the mobility 
of Folithion and Rogor was poor (Table 2) Tailings were observed in Folithion and 
Rogor (/?B = 0), but not in the remaining pesticides tested 
The results on the eftect of change in pH on the movement of pesticides through 
the soils are given in Table 3 The general trend has been a decrease in /?/ and RB 
values and increase in RM values with a decrease in pH (pH 4) in both the soils except 
Ekatin and Rogor In alkaline range (pH 10) the RM values of DDVP, diazinon, 
Folithion, and malathion decreased in silt loam soil while that of others increased In 
sandy loam soil the R^ values of all the pesticides generally increased In sandy loam 
soil the movement of all the pesticides was higher at pH 4 than pH 10 
When saline and alkaline salt ieachates were used (Table 4), the Rf and /?B values 
of all the pesticides generally decreased and RM values increased when calcium sulfate 
was used as leachate in silt loam soil, but in sandy loam soil the R^ values of diazinon, 
Ekatin, and Rogor decreased, showing the higher movement as compared to others 
In the case of magnesium sulfate, the movement of all the pesticides decreased in both 
soils except diazinon, Ekatin, and Rogor in sandy loam soil and Folithion in silt loam 
soil In alkaline salts, i e , sodium carbonate and sodium bicarbonate, the Rj and Ra 
values of DDVP, Ekatin, Folithion, malathion, and Rogor increased in silt loam soil 
while that of the others either decreased or remained unaffected, but in sandy loam 
soil, the Rf and Rg values of all the pesticides except DDVP increased and RM values 
decreased In sodium sulfate, i e , a neutral salt, the Rj and R^ values of all the pesticides 
decreased and /?M values increased except for DDVP and rogor in silt loam soil and 
DDVP and parathion methyl in sandy loam soil The increase in the concentration 
of saline, alkaline, and neutral salt solutions resulted generally in the decrease in Rf 
and /?B values and increase in /?M values of all the pesticides in both the soils 
Examination of Table 5 shows that when ammonium nitrate, potassium chlonde, 
and sodium nitrate were used as leachates, the Rf and /?B values of all pesticides 
increased while /?M values decreased in potassium chlonde in silt loam soil, but a 
reverse trend was observed in sandy loam soil On increasing the concentration of 
leachates, the /?M values of all the pesticides increased except malathion and parathion 
methyl in sodium nitrate in silt loam soil, malathion in potassium chlonde, and dia-
zinon and metasystox in sodium nitrate in sandy loam soil 
The results on the effect of three surfactants, viz , cetyl tnmethyl ammonium bromide 
(cationic), sodium dodecyl sulfate (anionic), and manoxol "OT" (nonionic) on the 
movement of pesticides in soils are given in Table 6 On the basis of/?M values, in 
catiomc surfactant leachate, the movement of DDVP, diazinon, malathion, and Rogor 
increased while that of Ekatin, Folithion, metasystox, and parathion methyl decreased 
in silt loam soil, however, in sandy loam soil the R^ values of all the pesticides increased 
On increasing the concentration, the /?/and R^ values of all the pesticides decreased 
except Ekatin and Rogor in silt loam soil and diazinon and malathion in sandy loam 
soil In anionic surfactant leachate, the R^ values of all the pesticides decreased except 
parathion methyl in silt loam soil In sandy loam soil the RM values of DDVP, diazinon. 
Folithion, metasystox, and parathion methyl increased while those of Ekatin, mala-
thion, and Rogor decreased On increasing the concentration, the 7?/and R^ values 
of all the pesticides decreased In nonionic surfactant leachates, the ^M values of all 
the pesticides increased except Folithion and Rogor On increasing the concentration 
of leachates, the Rj and R^ values of almost all the pesticides decreased while ^M 
values increased except Folithion and Rogor in both the soils On increasing the con-
centration of leachate, the Rj rand R^ values of DDVP, diazinon, Ekatin, metasystox, 
and paiathion methyl decreased and those of Folithion, malathion, and Rogor increased 
in silt loam soil but in sand\ loam soil the movement of all the pesticides increased 
except diazinon and malathion 
DISCUSSION 
Results reported demonstrate that the movement ol pesticides is influenced by several 
factors Helling and Turner (1968) also observed increased tailings in compounds of 
lower mobility The poorer movement (lower values of/?/^and /?B) of pesticides observed 
in silt loam soil than sandy loam soil could be due to the larger amount of organic 
matter, clay content, and higher cation exchange capacity in the former On the basis 
of/?M values the movement follows the order of parathion methyl > malathion > Ek-
atin > diazinon > DDVP > metasystox > Folithion > Rogor in both the soils 
The change in behavior at different pH values of leachates was due to the differences 
in the adsorptive nature of the pesticides at different pH values under study Higher 
adsorption thus results in the lower mobility of pesticides with acidic and alkaline salt 
leachates than with the neutral The results are thus in a way in agreement with Hance 
(1965) McCarty and King (1966), Helling and Turner (1968), Hams (1966), and 
Singh el al (1977) 
When saline and alkaline salt leachates were used, the average optimal /?M values 
of DDVP, diazinon, Ekatin, Folithion, malathion, and parathion methyl were obtained 
VARIATION IN /?/, 
Pesticides 
DDVP 
Diazinon 
Ekatin 
Folithion 
Malathion 
Metasystox 
Parathion methyl 
Rogor 
DDVP 
Diazmon 
Ekatin 
Folithion 
Malathion 
Meta<;vstox 
Parathion methvl 
Rogor 
DDVP 
RB, AND 
TABLE 5 
RM VALUES WITH VARIATION IN THE CONCENTRATION OF 
INORGANIC FERTILIZERS IN THE MOBILE PHASE" 
Soils* 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
Rf 
0 01 M 
RB ^ M 
Ammonium nitrate 
0 85 
081 
0 72 
0 88 
0 89 
0 86 
081 
0 79 
0 92 
0 84 
0 48 
051 
0 87 
0 87 
0 40 
0 43 
0 70 
0 69 
0 54 
0 76 
0 83 
0 78 
0 70 
0 64 
0 84 
0 74 
0 39 
0 44 
0 78 
0 79 
0 00 
0 00 
- 0 75 
- 0 63 
- 0 41 
- 0 87 
- 0 91 
- 0 79 
- 0 63 
- 0 58 
- I 06 
- 0 72 
0 03 
- 0 02 
- 0 83 
- 0 83 
0 18 
0 12 
Poljssium chloride 
0 96 
0 76 
0 95 
0 68 
0 94 
081 
0 96 
0 42 
0 93 
0 80 
0 77 
041 
0 94 
0 86 
0 74 
0 42 
Sod 
0 89 
0 72 
091 
0 57 
0 90 
0 50 
0 88 
0 69 
0 92 
0 00 
0 86 
0 64 
0 66 
0 28 
0 88 
0 78 
0 55 
0 00 
lium nitrate 
081 
0 58 
- 1 38 
- 0 50 
- 1 28 
- 0 33 
- 1 19 
- 0 63 
- 1 38 
0 14 
- 1 12 
- 0 60 
- 0 52 
0 16 
- 0 87 
- 0 79 
- 0 45 
0 14 
- 0 9 1 
- 0 4 1 
^ / 
081 
071 
0 68 
0 76 
0 88 
0 83 
0 77 
067 
0 87 
081 
0 49 
0 48 
0 82 
0 80 
0 36 
0 40 
0 86 
0 73 
0 92 
0 73 
0 92 
0 75 
0 86 
041 
0 90 
0 82 
0 47 
041 
0 93 
081 
0 43 
0 41 
0 85 
0 86 
0 05 A/" 
^ B 
0 74 
0 54 
0 48 
0 58 
0 79 
071 
0 60 
0 44 
0 77 
0 75 
041 
0 39 
0 75 
0 72 
0 00 
0 00 
0 75 
0 56 
0 86 
0 59 
0 85 
0 63 
0 80 
0 00 
0 80 
0 75 
0 36 
0 24 
0 86 
0 72 
0 00 
0 00 
0 72 
0 75 
^ M 
- 0 63 
- 0 39 
- 0 33 
- 0 50 
- 0 87 
- 0 69 
- 0 52 
- 0 31 
- 0 83 
- 0 63 
0 02 
0 03 
- 0 66 
- 0 60 
0 25 
0 18 
- 0 79 
- 0 43 
- 1 06 
- 0 43 
- 1 06 
- 0 48 
- 0 79 
0 16 
- 0 95 
- 0 66 
0 05 
0 16 
- 1 12 
- 0 63 
0 12 
0 12 
- 0 75 
- 0 79 
TABLE 5—Continued 
Pesticides 
Diazinon 
Ekatin 
Folithion 
Malathion 
-
Metasystox 
Parathion methyl 
Rogor 
Soils* 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
^ / 
0 86 
0 81 
0 94 
0 92 
0 47 
0 82 
0 75 
0 90 
0 47 
0 56 
0 78 
0 90 
0 39 
0 45 
0 01 M 
RB 
0 73 
0 68 
0 88 
0 83 
0 00 
0 64 
0 62 
0 80 
0 38 
0 46 
0 68 
0 79 
0 00 
0 00 
^M 
- 0 79 
- 0 63 
- 1 19 
1 06 
0 05 
- 0 66 
- 0 48 
- 0 95 
0 05 
- 0 10 
- 0 55 
- 0 ')5 
0 19 
0 09 
Rf 
0 72 
0 87 
091 
0 89 
0 40 
081 
0 85 
0 88 
0 35 
071 
0 82 
0 85 
0 35 
041 
0 05/W 
RB 
061 
0 75 
0 86 
0 79 
0 00 
0 66 
0 80 
0 76 
0 26 
0 60 
0 74 
071 
0 00 
0 00 
^M 
- 0 4 1 
- 0 83 
- 1 00 
- 0 91 
0 18 
- 0 63 
- 0 75 
- 0 87 
0 27 
- 0 39 
- 0 66 
- 0 75 
0 27 
0 16 
' Movement expressed as Rf Rg and R^ 
' A = silt loam soil B = sandv loam soil 
in sodium carbonate while those of metasystox and Rogor in sodium sulfate in silt 
loam soil In sandy loam soil the maximum movement of DDVP, Folithion, malathion, 
and parathion methyl was obtained in sodium carbonate, metasystox in sodium sulfate 
and the remaining in calcium sulfate The five salts so studied broadly fall into two 
categones one with weak base anions, i e . sulfates, and the other with strong base 
anions, i e , carbonates and bicarbonates The average maximum movement thus 
follows the order NajCO, > NaHCOj > Na2S04 > MgS04 > CaS04 for DDVP, 
diazinon, Folithion, malathion, parathion methyl, and Rogor, Na2C03 > NaHC03 
> MgS04 > CaS04 > Na2S04 for Ekatin, and Na2S04 > CaS04 > MgS04 > NaHCOj 
> Na2C03 for metasystox in silt loam soil In sandv loam soil the order of movement 
is Na2C03 NaHC03 > Na2S04 > MgS04 > CaS04 for DDVP, Folithion, malathion, 
and parathion methyl, CaS04 > MgSOa > Na2S04 > NaHC03 > Na2C03 for diazinon 
and Rogor, CaS04 > MgS04 > NaHCOj > Na2C03 > Na2S04 for Ekatin, and Na2S04 
> CaS04 > MgS04 > NaHCO, > Na2C03 for metasystox These orders are in ac-
cordance with the work of Singh el al (1977) and Sharma et al (1985a,b,c) when 
studying the effect of different salt leachatcs on the movement of some nematicides 
and insecticides 
When inorganic fertilizers were used as leachates the movement, based on R^ values, 
follows the order KG > NaNO, > NH4NO3 for DDVP, diazinon, and Ekatin, and 
KCl > NH4NO3 > NaNOs for Folithion, malathion, metasystox, parathion methyl, 
and Rogor in silt loam soil In sandy loam soil, the movement follows the order 
NaN03 > NH4NO3 > KCl for Folithion, malathion, metasystox, parathion methyl, 
and Rogor, NH4NO3 > NaN03 > KCl for DDVP and diazinon, and NaNO, 
> NH4NO3 > KCl for Ekatin Similar results were observed by Sharma et al (1985a) 
TABLE 6 
VARIATION IN Rj, Rg, AND RM VAIUFSWITM VARIATION iN i i i r CONCENTRATION or 
CATIONIC, ANIONIC, AND NONANIONIC SURFACTANTS IN THE MOBILE PHASE" 
0 5% 
Pesticides 
DDVP 
Diazinon 
Ekatm 
Folithion 
Malathton 
Metasvstox 
Parathion mcthvl 
Rogor 
DDVP 
Diazmon 
Ekatm 
rolithion 
Malathion 
Metasystox 
Parathion methyl 
Rogor 
DDVP 
Soils 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
* ^/ RB 
Cetyl tnmethyl ammoni 
0 90 
0 76 
0 89 
0 88 
0 75 
0 76 
0 44 
0 49 
0 93 
091 
0 52 
0 59 
0 88 • 
091 
0 44 
0 49 
Sodium 
0 92 
0 75 
0 89 
0 85 
0 89 
0 96 
0 48 
0 48 
091 
091 
0 66 
0 66 
0 87 
0 89 
0 48 
0 49 
0 80 
0 64 
0 77 
0 78 
0 60 
0 58 
0 00 
0 00 
0 85 
0 82 
0 38 
0 50 
0 80 
0 82 
0 00 
0 00 
^ M «/ 
lum bromide 
- 0 95 
- 0 50 
- 0 91 
- 0 87 
- 0 48 
- 0 50 
0 10 
0 02 
- 1 12 
- 1 00 
- 0 03 
- 0 16 
- 0 87 
-1 00 
0 10 
0 02 
1 dodecyl sulfate 
0 84 
0 60 
0 78 
0 70 
0 82 
091 
0 00 
0 00 
0 82 
0 82 
0 60 
0 56 
0 78 
0 28 
0 00 
0 00 
Manoxol "OT" 
0 78 
0 79 
061 
0 60 
- 1 06 
- 0 48 
- 0 9 1 
- 0 75 
- 0 91 
-1 38 
0 03 
0 03 
- 1 00 
- 1 00 
- 0 29 
- 0 29 
- 0 83 
- 0 91 
0 03 
0 02 
- 0 55 
- 0 58 
0 87 
0 74 
081 
0 79 
0 86 
0 74 
0 43 
0 39 
0 92 
0 93 
0 46 
0 56 
081 
0 74 
0 46 
021 
0 84 
0 70 
0 82 
0 83 
0 79 
091 
0 46 
041 
0 90 
0 89 
0 43 
061 
0 84 
0 83 
0 43 
0 43 
0 63 
0 80 
RB 
0 78 
0 60 
0 66 
0 68 
0 77 
0 60 
0 00 
0 00 
0 84 
0 85 
021 
0 47 
0 63 
0 68 
0 00 
0 00 
0 74 
0 59 
0 72 
071 
0 70 
0 82 
0 00 
0 00 
0 80 
0 78 
0 25 
051 
0 74 
0 72 
0 00 
0 00 
0 40 
0 72 
^ M 
- 0 83 
- 0 45 
- 0 63 
- 0 58 
- 0 79 
- 0 45 
0 12 
0 19 
- 1 06 
- 1 12 
0 07 
- 0 10 
- 0 63 
- 0 45 
0 07 
0 58 
- 0 72 
- 0 37 
- 0 66 
- 0 69 
- 0 58 
- 1 00 
0 07 
0 16 
- 0 95 
- 0 91 
0 12 
- 0 19 
- 0 72 
- 0 69 
0 12 
0 12 
- 0 23 
- 0 60 
TABLE 6—Continued 
Pesticides 
Diazinon 
Ekatin 
Folithion 
Malathion 
Motasvstox 
Parathion methyl 
Rogor 
Soils* 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
^ / 
0 85 
0 90 
0 87 
0 88 
0 68 
0 79 
0 79 
081 
0 62 
0 36 
081 
0 80 
0 62 
0 65 
0 5% 
RB 
0 74 
0 80 
0 76 
0 77 
0 52 
0 63 
0 68 
0 69 
051 
0 22 
0 67 
0 59 
0 34 
0 34 
^ M 
- 0 75 
- 0 95 
- 0 83 
- 0 87 
- 0 33 
- 0 58 
- 0 58 
- 0 63 
- 0 21 
0 25 
- 0 63 
- 0 60 
- 0 21 
- 0 27 
/?/ 
0 79 
0 83 
0 79 
0 93 
0 83 
0 82 
0 85 
0 76 
0 56 
061 
0 79 
0 82 
071 
0 73 
1 0% 
RB 
0 62 
0 69 
0 67 
0 86 
0 75 
0 64 
0 76 
0 64 
0 52 
0 50 
0 66 
0 69 
0 62 
0 57 
/?M 
- 0 58 
- 0 69 
0 58 
- I (2 
- 0 69 
- 0 66 
- 0 75 
- 0 50 
- 0 10 
- 0 19 
- 0 58 
- 0 66 
- 0 39 
- 0 43 
'• Movement expressed as R/ RB, and /?M 
* A = Slit loam soil B = sandv loam soil 
while studying the effect of diRerent salt leachates on the movement of some carbamoyl 
group-containing pesticides 
When cationic, anionic, and nonionic surfactants were used as leachates, the in-
creased /?M values were obtained due to the aggregation and interaction of the sur-
factants with soil micelles causing a decrease in pesticide mobility The results are >r 
a way in agreement with the work of Hower (1970) and Huggenberger et ai (1973) 
when studying the adsorption of surfactant on montmonllonite and effect of nonionic 
surfactants on adsorption and mobility of selected pesticides in a soil system, respec-
tively 
CONCl USION 
The influence of pH of the leachates on the movement of pesticides through soils 
generally decreased at lower pH in both the soils except Ekatin and Rogor At higher 
pH the movement of DDVP, diazinon, Folithion, and malathion decreased in silt 
loam soil while that of others increased, but in sandy loam soil the movement of all 
the pesticides decreased In alkaline salts the movement of pesticides was generally 
greater in both the soils except diazinon, Ekatin, and Rogor in sandy loam soil The 
maximum movement of all the pesticides was observed when silt loam soil was leached 
with KCl, but in sandy lojm soil KCl has the reverse effect The presence of surfactants 
reduces the mobilitv of pesticides except that of Folithion and Rogor 
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